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: 0^ of ... ^sj\j -dS*’ XkJ-l... Jl 

US' \j^\ uip Uj uUa^t jt u-j oi ujut. ^ u/ 

o*_pIj <u UJ aSU» V U Ul *>■ *)lj Uj LL> {jA ^.Ul ^1 p aiL^* 

". ou*^ rj® J* ^s^\* vzjf Ui-jtj Li >plj Up 


l*-^* o y 


.1 4 o-^r jf a_^ j, — Uil J v; — ■> £>» ... ^ ■' C jj 

<a p'j t ' — *-» ‘--'S/l ^ j — ^ »' £ Jj ^ H 

iwJL]» j U*"lj 0j^» ^ jy - OyJl jUJll t y^y ^ j*s- Oy— a^j 

vluil y K^J\ yJ ^V" Jy — !J (Jj** ^-’J A J i/ J — U? Ji 

^UT ^.uf 

r*^Jiur-^y ■•• t/-^ -' Ji 

Cr*J • • • r^* Ji Cr 4 • ■ • r^' ^ J* 

• * vi— ^ y* * • • *sH i^' — *j • • • p-^ s-^ JS* Ji 

. J>-L* a-1p <i y j *-r’U-yj J L . ^ : - ■;“ O'*" Ji 

^ •• *[ ) ^ Jr^j" 'j*A rJ u ••• Jy* 


. *u 




I * ^ 

Y m 

lO_A dal ■■ ■ - •— ^*1 J* -l^LidJl daljgub 4a*I^Oj ^1* 1^ ^IS*" 

^j—^cf jl j 4 * 0 ^iil ^ la* i ji 4i( jjP . A«i?i-ilj 4,.. J« ll (^llaP \.«..«.li< 1 * -^' 0 ^ill 

. «_aa^/l^ j * '«^ j 4« » .-.lill <*«1 ^ol ^jjA*- ( ^» l ^^cf Lk^ Iop (^^l*^“l i3s^^ cr 4 

i—ljJ ,Ljf — ^-! £— *a l—fcil* dal_J» _^i j* (jj jldp-l JlT” J <-Pl j^ll ^ ^ixll S«-l jOl ^ £»a J 

b .-c 4__JI c.-n*a jOj ^pA IjLi^-^ C^“ ^ J J ^kijl ^jj»-ljJiJl ^JLp <««ljal _ ^w^orlll 

<i ji jLoP 0 j_^il f ' - jJLiil (Jl ^«. ,11a, if c. 11 L»j . ^ £- 

r'>-V l J jW^V 1 OLT *i_*. ^ j o>u r^' of Ji ^‘i4, 

4_) ^*}l 4_«^il «L?r^/j d->U -lull J J 4 ^ (Jl£ (j j£ £ jSl da-LpJ . <Jalj^| 

t. Ip jl J— lull jl * ■<?!! ao_*ll j*_Jlp -»l ^iv_j j ,t.j 4 _j ^*J lj jj— * a_jI?“ 

Ljbj^J Ol^ - -liliA j^J Lp t_all^"" *i/l |» j 111 ^jO^ljOll jf 4«pljjil dalil ^*->*1 b»- jl J: -* 

4*s\ j j a >.%p^ ^1 - *ll ali^a^l ^-aoll ^ ■ * > ■ ^ - **M a,jp ^la^?uill lial ■■—! li£" 

jj.a$ all L ill Lai. «a( aal i .i»j o ybl_«ll <— t^jji ttAajll ap^*^ ^vL>*>ll o ^ aIaII 

j»_Lp tC-ljl — j '^ - * s,: all.. .»^/l I Ujalo^ ^1 4jLj?')jlj j*j JL^ 

. ^jA ^Jaj jl Lb cJl^> f I a.y»\l iJi)l L»1 O' j;->-l L»- jl j:--* 
0 KJ ib»- ^ : IL1 4— J jJj yl jl JjU f l ^---all ^Oji)1 ^J*jjjj C^tjb 

Ojj*0 a Jjus- . Ll«ll ob-ljOll 4.1i» ^1 p I j ^»3 »A A A+* m J ^jJu jlT j» 

^LaS' L_jjjjJ»j 1 .ji^un LafcOjtj l_/*j l • *1 — p e . I ».,.•» >1 aoJtll «op (3 s0-»l ^5^ -L» 
L)l5^ Oj-^i l)I Nl ^Lo^j — a_ u >>- _ a ~a i l 1 j . \ ^Ip 4i*al» o 
^ «llaJ ^** ««^j. «l — «-Mall aOiil ^JLp i^»U ; :,.a^j ^Jl j-0»b-4JwL^* ^1 p ^JlL L— <lja 

. 4iaii*M>t ^oj^jLII^ o»L ja jJk l _ ^l%.<all aOjJl jalp ^ Lj^p Lt^ i^l^sll 0^ ^1 


* 

J 



^l*m 3j^ o>i . - - H i ^ ^ ^ \ *ip i—* *-- 

3 l—ijlaia .- j-L j» 1 — so! ^ rt ; ) <*5^1?- y y jlfi-l *~aL&l J jLi 01 

■ jM^' “0+^' ^ £* LiJi 

^OLii .<ia> 3 o Ju JuM Ca l .; j.:l l j ajIj^JI ^ i c- 3 ^ Sl^« ^ajJLl jyaS)\ ■* «»'* 

cl — w.. a) l J-liil jjLtf’ Aoa'lj^ -J-*j <»Jj . A«aJlJlilj A*ar Jlj ^■*«- i i la ^bj AjLrl 

OJOj jf LO ja tjjl jl ^ii a^ljj jt y 2 ^ jf a-li Jl~a- i . c »i ^pl i— 4 ;<< a,:< 

g\ * ..-ill -U_*jl ^_Lp f*...^\ ,J__J . Aj.ili-1 Aj yX- 1 Cal j\Alll l j '-1 ^>J ia..^T jl LjjU y jj>\ 


y-& «-1* » Caljj—ilill * * 1 1 *1 aj ^ lj>-l A*^^J^cl CalilaC— -'jl j A— < ^a ^*1 Calculi!) Ca LiL ^ * j^ 

^l..< a jl ^-a*t — — <_• L_*J La j Cal_i ja jA l oJbyJ. ^ h..S-t)1 i_J j>-i-l ^i-LaOl J jia Ajulla 

OjLjj 3 ol-^cil Li ^ jJX jj j£ji\ Jl iiLtf^l. . jJ>3 UL» y J y— li 

yz ,.») 0y _^ja-l calj^iL-l j JjLcjI >_....^— ^-^a ( j^c Ic. ol) j>l k_aLa” ^ ^$cjI 

yala^S/l Caljy«J £^li OJJi 3 • L^ilOaJ^ \y&j\ju * I^jLajIj I^J^Imj jl CaU y * ^il 

* 

Lj ji oil yjt > l J j* 0 p 


^ yr- * . li L ^^ll AC— »S/l J-jf ^ Li 1----H S-b JLP Cali ^a _^il 

■ ~ - *■ * f l *■ ^*ll aUjtjl 4^*t\j£ c5 vO-aA^l ollr'^l ^La \ .. - > la Ajl y\ ^ j. L .~> Q>. >_alo0l 0^^» 01 

( J_a ; -L a_J ^ a jil oljsiLll 3*“^^ Oal J^-l aJT * ' j«*a l^J0l*iJj Cali y y*>\ CaQ^.AT.-a OLa 
k_j>JLabl c^ aC J— S ^" jj . A_jj A_a^iaiil ^-j y*j^ aj ^ j '• » * ^ 

A t..H CaU ^alOJl Cal—il! f y A_ila- Oal-L>-l y ^ y jX l i-a d) ^il j ^ L-^/l 

l _ - A jI_L»J ; <al7j A_^r- ^-Jl A_7la^lc^*^ J yA>"\ y AJ>Jk. Ic. ^l^ii A-1>-I.ijl 

Sal* Ljifj SjCS"* ^Jal ja 3 - lil . <• aa^L A-A^/l Aj y>- 50 y^ .t 3 Ajlbapl 


. a ^ ,U:T Ca LIT j CaLiil IJlA Ajl— ia 


c 



!jjl oU^Sv-* J jJ£ yjL y\ ll ^-a*ll jlf*-l 0 ^ lij 

V-liil obUo-^ fLJil ^ >1 jtjJs-l Jl ^.L^l li* Jij oUlaJl 

O' j^i\ I -ii . ^iJul o» loll y Lil^* j«iL Ji 3 Jl>-1-u 1 40jl jlju Oj J txs OoL^-1 jocil 

4-j^iMlj ^ Jjk ijj. lg ^ilj 4J*}l*jl jjl *tOA^l qa 

Ojj 5" j IJbj . jLjJrl jjilllj SJl<» 4.. ..a nil O'^bUlj fLjJjMj s.;.^«ll 

J^\ 4 ...,<awll Oi^LJl J 0>li y ^1p 4 j ■■'tit In^l i — > ^lp *— OlJlil 

« 

l ...j p jf I j y} Ul-L*l j Ixi y J LO» 0~L*ll <JjliJ ^LkJfcl A gjif jjP 1-fjlj-J frl * ■.rt'l i-lill ^ip 

• jj*^ 1 jljjs^|l j-XJLi 0l^~ kiJLJj 0^ j jP ^ ^P^jl J-Aiilj ii^Cpj L L»5 "" j k 

o-Lilj^j o-L— o - ^ J ^ ^ ^ J 

O*^— -i>* { jfi P-S/l ^-U_J 4- ,J..l>Oil c. L «..$olj 4j^ji-J g\.%-$sjl *^1 p tj} ^ jlawti j^LajI O-JjUJ 

l^pl jji ^ip 4*0^1; ,*Jlp j 4J OjI^j-LSiII J} 4-pUO'^I SpLLI 

. ^o— <^Lp ^3 <j J *jill OiLw 

•oil ^*1*11 4Jtj ■l. ^ i 0>L«l — < A^|l ^lp '—'1—^)1 ^Oj 0-l^«l^ 4-lpj 


gv .. <■ 


-i— »jj l_* o^1j_p^ J .^1 L/ 4..Jr9 >1 ^ ^i*]i jJljrO. 4-pr^«Jl^* 4 . j? ^l! ^jjl VS^jlJ 

'i/ ^4 ^40 Lip iJ jS Ol ^al^\ ^ 0^ 00 jt Oil y*f 4jt) jt 

. J-Lail Jor ,jy?- ^jL*P ^iai;i 

I ^ \ 

. ^ yi*i 0\j {j* <4-0*11 ijl-j 4i) Ij 


\ \ ^1 Jij ^1 r 1 ^ i yfclill 

\t\ Y s ^1 > r Jil>l 


j^Ui- «Jui^i wLhP jJl*& JLa^ $ 




Y t - ^ 


s$ 3 l 


JJu> 


i_.i * j yu t i 1 4_^»1 CfcAl T y* j » ^Ll ^ c«^a] 1 k_ljl ^j^il 

^ T jJ* j/L\ v^-/i j^-j'cJS ^ »U7 *\ 4_^jll]i <J\_— - yJl ty£\,>y ii) y* jk\j^jXj & j* jk\ 

• ^ 0 w>li y+ j±\ |» ■— **7 

} ) * - To i_^b*Jl oJL-ilt 

Ad .To 4 -jJiJl 

^ _^.Ji jij — .^itt y i <j v-t ? y 0 r^' <j ^ ! j 

rv _j— J' Oj-* y» r* s_,-uJi oii y / r t «iui ju — / yi rr 

A_Ja_il ULoj^A-I jt«_J *__il 0 ^At "V • <£j jjl aJ. all A-jll 0 y* ^A> t Y jjJl 

Yr a-J&I J j_i a_J.I '-'y-' ^11 o (*—^11 y dl 0^— is ir 

0 j A • Cv.jy y^ <jj — -»^a YY * ;«..<iJ^ i -*— !^li o y— — * ^As 

jlj— » J ol »ja.< AY 4 _jJjJI 4_-«L>ijJl oLJ^» y* j) j-iJ |» 1 1 A\ l jv— ij jJjllljjS 

. A 1 Aj-AaJ! y* jA 

\ \ « . AV 4 ...n»H 4 -obiJl 

A^ <^..rt»IUy *SjhjJ1 \2j\J> y» J* ^\ ‘, ^ yjl AY a*^\^»jJI <sJ\jy* jA 

{ j> H r OLmJ j h .t. '. Il 4..^ra«Jl A .jl>«-Jl jA yj±i ^JpLal)l 

p. . i ja.7 ^A y j jliU 4 _j^A*I ^ O A A <Sj\— i y» jA jl j-*\j 

Y • o | j ij yi jS/' jwU \ « Yfjij y'v ■ jS' jl jjl 

\ \ . <._^ 3 <J1a_>L'AiJ1 


J 


ut.m 

^r>Jl j ^ ja \ kJi J^LiJl \ > > ^,,11 jL^J-li U-UJl ;-Uu! LDU 

A ■> lo • 1 1 w>U^« jA ^ Y « A,»^jJj«.-«a1I \ ^ A*U 9 y> y-jli I 

^ ,J»\ ^LS ^ r \ ^ijl yV' oU r* f > T Y 

(,|j jl ji)/l oil y» jA J^r\y» ^ T O^Li^IU^AI ^i\jyt jA '— S ’ j* 

. ^ i •^La^IUj-jAI olj y» jA Y A ^ ^ 



\A>\ -Mo 


oJLitD <ull ^ t A o- 4AJI L. t » ' ■ » ^ i © y j 

^ o 0^S\, ,».Q \,.. t ..f j ^ o Y 4-_J jjJl oLi J-. J» \ o \ -il-U.^1 ^ © . 

jj jSj \ t • -b&l o ^ jji ^Jl Jjif \ a Y 5_-» j-dl Oj>j> C^LfjL^ 

\ Yr ijJ\ f U*i -t ^ 1 <\ v>Jl ;l >1 pjatf \ 1 1 Ju JJS J 

4_s»r _^Jl ^IjJB ^ YY Vj-Ul oU rj » Jtial \ Yi ^'Lup^l jJ'dl 

. \ A \ o>U jj> j2l 

rro- )*) 4 J^Url 3.u)t 


— if ©U_^l _ ( *_J r ! jjJaiJl \ <\ \ jJ\ 

* -U-.n oL Dj tjy»l -I. aJ (_> j ; *-l .ItVzI'j ^ ^ ^ ^ ^ r 

Qy'i ~i* \ ^A Cw jrz ■ 1 O j' ■ ■* \ ^ i * . j j© jlJrl j j-* j> \ ^ t Jl^JJ 

*\ Y • Y j> >)lj fj. J_& ^JliJt O'u-lJl Y . YDj 



Y • A 






Y \ ^ j j a .* yii'i j ^sJ 



U>^— j j*X 1 1 ' Y \ Y ■ — ^a)i j ■ - "iJl 

D? jy^— V j ^jy \ ^ \ jjlj-*' 11 0_^J * /, • J — & 

; 1><1I O.jJiJlY Y . Jlid! o'—i) 1 . ^tj_j-l ^ ; .i.u:ll ^2: .l*j 


o j j u y rr < D jy‘ ^rtj y** ...)^Ji . <—# j ji ^ 

Y Yo 4 J^Ojbi-i a-1 «!' 1'.' Y f 0 ^ y~* j* J‘ j-*l J-*-Jt» 


ta r- rrv 



Y tr aU — *V' YTA L>j-iii-lj *—-£ j — J- L-iJ.1 

tS _j— J-i J—UJ 1 Y t *1 jOj- — ^.Lj jCJi Y i i ^aJbtx.’yi 

U..y;.)l J—iOP YoY 0^>rLr ^U-l To\ ■■>» Yt^jO^— JVJ 

jl jj>\ JLL jk>Y o o^-b j£j obj> jljjl Y o t jft*. y^^J\ Y or^U j&J 
w>\ ^ y * r o A ijOj ; jl j-j I ^ Ip « j -..,.» jl' < J>lj... *ll Y ® © ijJ ^ . .» i ^[l 

jl >] J-L& Y IT Oj»lT jU.1 jl» Y 1 \ jCJl ^ J* ol©Ua>Y 1 • 00^^' 


J 



Oi-i ittUJl T*n fjJl p-JiSYir 4 yr\Sj)Jr\j J* 

oljs-J'dl Y V> r *-U OjL_*ilYH J <-Lu:H oL*-L^-yi 

^ ..i.Jl »* > *| ^ T V* yjvJ j .. — - jj-Ij j^iJl Oil AjliyJrlj 

• ^A^ j'^il <J-^*-* j y * /Al oU^taJ' YA> 


r>^-YA« iijilil A^Ul! 

o \ j a ' i l ^ YAV <L-j J jtii oLj^ ^JLl ^<a Y A 0 

jl j *| ,jy Y A • (_£-biLl *.« ..rtAI 

y— — a ^»l ^jJLvdl j ^jl ■■* Xii ■_ _^** ^Jl Y ^ Y L jSdJl *j jjiil Jjtl> ^Al 

J^r y J j£jl Y HA jy >wJl Y A i ^Jw-U-I Y A T *j **. uli o'ii r;f ll 

(^Jjfcll .*li -s. T . J l Jb JJ» _ ^ Ajibali w*\j y J^\ y2JU Y A A 

U— — jZ.«H «b-lP V *T r . > *J W l..t>l *..l j yjJ ^*J*i.' JLI*ji V • « Jkjijj 

V* ** £ ) o * t - 

$UjlJ(j w>1 JULj T * 1 SjJLail <*2j\j yA ^jkl 0~'ij£jU li jJ^r ^ja 

*~>yh\ J jjl T * 1 s Jv\Z*A V * 0 jjy^}\ — <y4^gji 

. Ty \ 4 gi <m**d 2 Al ol >JjJ Aj^* ._ y • *\ Aj ^nil Aj-lxll ^jJ 

ror.nr 2 ouy^i! 

oijj jjji— ^\— v \ ( ^— >V^ ^ 4 I A-i yji r > t * 

oijj ty \ lju jjni—vi o'-T yli a--uVi ouU-i j i—T^* a 

i£ y sA-l ^J-la^clJl ryr ‘ ^ IjJl (J 0 

Vi • iSy ^ 1 05 ^*^' [t YXA jjJl 

Tit Ola, jjs^-VJ jJUdt rtY J jjwJjCU t/jJ-l J-Udl oLja-i- 

(j-* J — -ladl r t ® oLb: Ji-Jjjlj jjJJ Js^-1' 

O ' ’■ j j JJ V-l (^» j-d-' jJUJl Y i 

.YtA 

t * A - Tof ( Jb 0 aSl ) 5 J&1 J y 5X-P 

T’lr ^-Jr'jjkJi r« t ^j— L ' ^-^>J' ror (-uJi j^LJij ^i^li 


r 



j-UJi rii ;op ; yj y* r-io aLu^i ^"it^^aJi 

jJ jji TW 4~l^Jl oJP d yu* k-i^U yl < yuja H (jj y — A- 1 

i^jy# «-LP 6 j Jija i C )y* y^ jly) Oy* y* T* Y N yJbM 77 1 

rvr ou , ^'j /' / ^ $j *i 5 ^j\^r vr ^ l£Jt 

j^B rvifoJi J^b oi-u f ' £±r\ 

\Sj\»Xj y2hJ\ j j^" y^ yLA-U JpUil J l A* VYApV^^^|L jj^ yL>M O^PVYY 

>\J YA\ -J «-kJ 1 l— ^ — I p 2 j£-2*jj^ yS^ylArl jU V A N 

«ll >y* y* VAT v^-A . j ^ yl ^-1 

\JLj\-j y* jk jT y — ll rA<> aJ^JJ u?y o-Lp s^j\jjjt y& V A & 

o j .t-» j ^ wait! 1 . ^l_^_A-l (j-^ 0^ j*J' wi^U^jJl VA ^ <Li^Jl J y o J-P 

^£y« 3 ^l y— L nuJI \ ^l-....t>»fciiJ 4 j‘.^>l— a j ^Ji\ L^b»i _ JU 4i«I,n # « J— p 

J-^tyJl Ol vVjSLnSlU ^ajall J-UJl r ^,:T HTo j£jl£lJ 

a v^ v p^\— > ijJi »>ijLj y* yA y j— ^1 p 0 y^J^‘ 

. t * V dJjJi jLrfaH^j ^J»\ j£>\ t * ♦ Olw*V j£j\£jj <>*\jji <L>- jJ J~ji oi^rjllli 

t rv - i * ^ - 4 y^-l OUy* yb 

£ \ \ jl^-?r»-D <->- ^ <->r^Jyj t • ^ y -lJl ^ L a.u? — *c*-Ld^* 

<-->2jA-i y^jiS uJi _ 4jy J.i>*l)i — ^5 ' . ■.» Jx Ji 

%T t ' w ^ YoliJr i ^ "\ 

i t o Inhibin — Ji jj-* y i t t A-i p-u *! 1 y»i — 

y? J*+J ^L i*V*jy*A 5 .» > »1 ^y;*lij t T *\ 

jg jl! ^\Jyjy>r: i T ^ y ^W> Ij^A^ ^yU*^Uy-A^ J^~ i T Y 

tV® dPL-Jflii OL-T J^.\ tT \ ^•j>-^^( 1 tT * (jJ J j jj\I— -^(1 

. tr\ <jW' 

tAd-tT^ oLji^jjJlj oU-rjjw»^l -jjiaeil 

j\ $ >iij j 4.— >r^Jyjjil it* 4**l*Jt ^!y^-Ll tV^ ^ 

1 0 . Jj\_ j^l J jl^l J J — -U=J» J jj-kJl oLJ r /tn ytiSlI J ^biji 



t ^ T PA y ,, — > • & ® V o^lig^ t ® Y ^i»3 j.**! ij-lj jj^L— - ^ i 

GnRH Ji o_>-> y» n ® <l Jrt j-uU s*J.' >i t n t aj-uJi ou^. jM 

U-idi ;^jjJitY> jj-W'j £_yJ' iY * Inhibin Ji o^-y» tiv 
t Ar ^ Ijj* ji\ oV^V 1 J oli-kJl t A Y iJ^Wl £_Ux£l t YY 

tA® iAi 5J y«xJl iAY* J-J-' £- 

oTT - tAV jJUl j^b •iV/ 

t A^ y' ■i rt^ ’^l iAV ^ ■ x^ -' j. « .~ il^ ^jl — <a>-^J jAl fcAY x..^c 

oljJ r dl i <\ i aoJJI joiji. / g;xi li A^ J-ldl g _^Jl ^l-b-Vl 

0 _J-r> j* t H A hCG — ' Oj-* j A _ ‘ ■ J - 1 ; .; ; ll ^Al t fl i Y frljf V^* 

Ol—i^« J* O • Y { ^jjjyi~S ' O • • J>\ Oj* J* t ^ 

o • y Ojj t* . o • x ajXjjjI— w>^l o' ^Al o.Y o> j — r- ' j -^ i *r! 

— (D) [jl -' "_» ‘~^ l ‘JJl~ “l ® • Y O'— ~»r jj-US/' © * © OU-JTJ^ ~**V' 

ijyLlI jljjl ® ^ Y #®Vy' ® • A o>U JlxJ^fl © • A olii-U^»li»»^j>!t 
jjJ\J o Y ^ Ov-^' j* j-^i (» ® ^ i t^xJl jjjaJ ^ p j^ : '^ ® \ T’ 

• ®Y » J-U- <PLi>yi 

oor.dTT 2 yOl .Ml-, J*j% 

© y© ^ i^jj A-^- y y j i o>\j^a3i ®tt^ ox* 

oloJ j ^*taJl o\-m 3' ® Y1 vlS^Ji (_5 v^y ji.^ all o f \mL*a]' 

® (jj— I ®r Avj\— j y — *- r^ri' oLr j oLJjr> oT”\ ^xJl la *.hj 
o t v oUJ^Uls - jjjJI o t ® o' oLo /LJl^Jl ® i t jj-ij jj/Vl 

• 0 ijy^j jy 

d^T-OOd ol 

0'UjX^jrll_a> jjjJI j>. —a i aoY Q>UjX^^\t xjjJJ ®®® oXL* 

. *jl % i „^j.lt o-\i olj-UtAjrlX-» jjjJJ 2>l*Jl Ol.^—. ll ®o^ 

JLj oUjX^Cwbo jjJ' JaLJjl o Yr objXtAjrb.-- jjJJ ^JlJLill ( JOjdl o "l Y 
olijXVjrl * «« jjj^i oljj—iUJi oY® oUjXV^Ixo j^Ji oV . a*. m.A oY® 



jLjJrl ^ eVY ©VY ^*P J-UT : o YY 

o_jl5Jl olj;Jtd! SpLjsil oljJiJl oYA jiVb ^1 p ©YA ^TiJJl 

©AY yiJl ©AT ^LjLaJl ^Lja> i© oAT *J_)i l» » >»1 Jj»>l ^Jl 

. ©AA oUj s £ yUl 

n**\.MV -o.-ii s>L-jji 

«J— aJi Liw* o^*\ yJ! © ^ T ^ yUi)l j «JL*jl o ^ f * - 1 » * 

© ^ A |» — ^ rl; ^1-^.1 j'i— * ■■ :^ > © a , Y <_«*- _J _j«Ji » JjJl j o ^ *\ 1 * j JhS j 

. * T «-*■ I4JI J«->U J « T w» .*ll OU y . S' y 


1 . V 2 ij{ y^\ OJ «J1 

<— < rt r ^>r J— i-lJ- - ^ y ^ VA d-LjiJJ 4 j ^>- 1 yJl 1 . Y fi ■» 

5 _»>rjJ *\ ^ T *J aJjlJ' ^jXlyA jL yJl *\ \ « a-ijdJ 

. *\ T • y^-^11 

nrn-ntr a — J^\j^y^ 

c j «— ■ ) 1 4 _> Y Y Y x— ^ . L^^y ^y — xJ ■ T yJ; *\ T Y x* 

J-Lp IT 4 , fc-Ji W. jiili mJI ys. *\ Y A v - a*ji y J-lc- *\ Y 1 

xyjV' i_ •• y . L*Ip YT • (Jy-* : J^IP *\ Y a jnJ ^--p— a'^Aj ;h 

^yiP "TY ”IT ^ Oy y^. J j“ j^l' 1YY e- ; yJ* y ^ylP * yn 

. \rr oUs>j — J‘ mJ* J. ; y ’ yy y 

^fV ( Gamones -J' ) otiayl^l l^vsJ ^il AJyy 3»l 4-i alyil 

W-lt* j?vJL» 

1 1 T LiaJl y I_t ...<a~ 1 i • oLj j-* y I t U p'S 1 jy * y 

oip-IyS'yJ! *i*U ^!j-_-.yS'yJs *\©A <Jij Ji S y-iJl ^©r S^-V' 

r _ is "\*\y ou>i jjiy ii© y.yjyr yji ouryV’ y 1 ’/ '^ r 

. iv. i»UuJl ob olT yi " “\A ^UyV 1 


t 



V l a j.Ate. kLiJ 0^ k^^la t* IjjiT" 4iil?«ll ^ --kl *Ljapf iijjjai £~dLl 0} 

jt j ' ,c - kl— iJ ibj_a L> VJLs-I J_a ^k-1 ^Jl— £ll Jl jb c^-lj J 1 JLp L51p- 0j>*i 

iwlli lUA ^4# l» l « ) £jA 4h *j 4^1 4 m J M 

4 .4.U j Jl jt-.o j~l 4srl»- *Jl* kljcJl OrjJ JJL*a ^s-f Oj 

4_k^-^a l_4 i^XJj ^JLp **-k*Sfl J^-at U~~* 3 ’ ^s > * >■» _/* *— .lilS jt ^OaaJl Ikb 
Jj^ll SLi-l olj«i J^b* La yil kick oJbti^ 1*1 yi . ig—kr-l tLia^/l klcj 
L^sjUJ kick 1JL* ilijj oJju ^.krl ^ JLJl iL>- jllc- kick J} fcJ yj-l ^l^Jt ^*p 

tu_j 0 s - dl 5 _L>- ^.j- i*JLiS J_*a C-ala _j> Jlp j+:.~>j ^mlir\ ^..ja’.ll Sk - jA ^a- 
Ot ii^-^i l_b5" . ?J 4jL>- ytJ La yo ^JLkJj L£jCJ Jj kick IJL* IaCju 

J_a ^....'k' Ja‘.ll 4_1 >- y Ol j-kl ^ ^Jb Au J-lkj 4»-jJla 0 j£a V <~>- k r' 4-P Jl 

j 3 ^ j /* ^a viJUi jj^lJ • **:*■** ^t SCC Jit _^t Ok"t 1*1 ^a \ »,mI SCjUC 1*1 y k laL^-t 
b$Ca Lk il y^/1 vjJba^- J _ 1JL* . j^k 11 ij-karl fliP^/l Ji* J— Ik *-^bl ^jj-l 

IS L* l^laj . l^aLdpt Allis' jj bk" . ( yrr j\ j ; .-«ll l^klCJj l^Srllal Or ji J$ 

J_*i Jl ^_t_iJ l_« ■ : — ' ^fjij . Sg9r jJ jg.-all SfLifCil d)_^a b* l-^*j aJIp #cLiS^ 

! jj-acJl lU* Ol w*l CjT^y^ 

; A ... . .../a oil Ql Ji JLl 4£j*jt ( > 

f j\ i£j-^ J-' . aaal l jL^Jr-la <JxJ Jll C-»l ^ JLl ^-*j 

Lii j kl .V.1.11 I j_A k_Ja jt L^ialk j c b^ b .»_•.?» 1 ..» c l_Japt 4..:^ cJiyf^S ^ *S- yJ±\ 
olj£*l)l £A Oj^ilil ^l^Jl CLata t_j jy?j Cal .Jalia» 4a..Vll 

8 3 5Jk-l«xil Ol ^J-l . I^j pJiL^ j L^Jta JpliiJ l^g» ^Jl SjlJ! J 

. f Li-ll jl \ jjO+H 1 ^JLp Ol ^S^l Ol*i b J ' *J • 4j8rjULl' 4;?. I J jOtlll 3-^ga*bji £A 



:l — Cj\ JS j.. ll i tyJL (\ 


p-U . £• L_i O^^j jjJlj *1— ail i-Jjijl jl ji! <p o^I-p o>! ■ * H* 

j* 1 ^ jll a*^Js ^ v_— xUii JaLiJl Cf* ti.y A—*'* fLiapt jf ^Lp 

Jj-* «< A_£Lj j 5_Jili-l olj^Oilli L.Jajf 1 j../aia* ^)l ji ^il IJla ,^J4 ^Jl^il Oi-l£ 

. i-^rjliLl jl <LL>-IjlJI oJlSl 

^J— *x; 'il ^jyl— A 4P^*>r ^IS" of 5j^-l^l s^-'l— xljjJl ^ulli Q.’.if J Laij 

js-^1j j OAj*— 14 j J**ll <j O^o^ !•*-$■>' J> 1-f^ y o’ <■ ' 5 " • * : —'‘ 

. ^ .«.^-! tj ^?r- ^.. .-ail Ol aJL>- laa-*- oJL^-lj iiJaj OljP ^ ^1 p !■*$•> 

5_ot^l SJUloil 4_?r^l j. _. ^.i.ll oj1jj_*iJ 1 _ 5jjj 5 p j j\ j+z~t\£ _ (JiL*j (^JLll OJUi 



^Jljjl ol— jill aJL>- ^j_1p JiiL*; 0^ j*— Jr! iiii*»il AjiyJl ol J > ^il Or-lj 

«J> j^Jai! j3 j jf aJ^-IjJI ajL-S" y jJii* ^ Haemostasis 

^1 — t _a*J **;~- - Aj jJ-1 Jj! jJ- 1 Ajr ji (Jj jy^il jf JO-LXjl . 

4_ilj L^»L— .Jrf Ojl Or jJ .JJaj < J— j _j Lj-i ^A11 cl^Ui ^J-l J} ^ .-*-! Ojl ^3“ j 

. SiLJl ol j ^ll £jA Oi-P J f Cj* J*^‘ Js^V 

4_ili>«Jj (!_OaP^/i j^Ip 1 « ^ 

J ' ^ ^ ^-j- 5 <_r^ ^ )$ («— 

4_J^jl J jJ Sj_p ^ J$3 {£j \ JaLsuil Jloii .iJii ^L p a1i*S| 1 jt-*f ^ j . j*-*~J-l 

{£_*- ^ a-j*p! S-— ij«iil oJjtil jl j£] of *-4^ . ^)1 c^UopS/I ^ ai -Up a^L^xJIj 

. (^ jlij^-Jl jl^Jri ^1 p ^1^- jofj <) of L*^ ^11*11 J?LiJl pJsLj* j 
ji-*il ^-^>^l|l ^Jalll 1 jlwaf Ajm^J ^yawtl jl^J-1 ^L P ^J<L» jjP jyU j 

. lair . / a l l j 


T 



4_P 4, ^_lp la <♦ ■ .i<a fU >a)l a Ail I ^JlP Ol^"" Vi^ 

^Loll l j .J> j l • ** l>U , 4 —*> jA^i>\ Ol 4 _Pja^ ^_Jk^ 4-J Lil 

Lor ji l^jjt L-^jijjJUj Lfjtjl lylj .~> J ^ ^_Jii-l l^..C LfJL*l ^» y^.. .y- ^ f t - 

. L«y y»jljcll jl JLiT^l (^X»j 

^Lt> ( J*»: .~.> Ol OL^J^l ^JS*" ^Lp IAjjjL ^ yU 4jLijJj 

L-fcS^ . Ol—~o*^l J J) Oy-r^ y* j—* i3 *— ^Oa^l (jjl 0 y* 

LiLorJll .la la all j jLall LL«jAi oUi ^A-l ^J-«r...T 

. OUJ^I ^1p l^I.JaJ c>u y jk 1 ^lp 

^ T i (»Lp LAjf .rt> ^y-^f oAJy* jM lOajf c-»lJLJt; of ^1 jwJ of ^4 j-L£j 

v 

V <>j-b j oULJl y»a) ^ jN 4jf a>tjj Auxin (A) olc'fj (Kogl ) Jr *- £ £ bdl Da— 1 y 
jo** gte'ij ^"'y* y* <j ya*j jj <3 1 y£*T -ulj . ji <^T U j^&j 

Auxin <-H j-^ JLJ o j—* j* ^J»UiiTl *jJLii ^Jjj .y*J-l i jS J\ jj-LM irqp *£\ yill 
y->-SN ^ LJ1 Oy>yU of s—i y^'j . Indol Acitic Acid (LAA) —1' Oy^y* ^ (B) 
>sAjja j* ^1p CoULill ya*j of l*i> y* <—' ^-V' Ji . OL-J*yi Jy j ayr y*(IAA) 

L*Jil OL.O‘^1 coLOy* y* ^Lp ^JQ* y^-1 ^ ^ ® y ^Ip ^-b vi.of ail* , Ljl 

OLw'^i Jy J y LJ' Oy*_^t JJ* y* ^*f • (Gonadotrpophic hormones) L— J-l 

• 4jl»«-— 4U l |*3 p y— y) «qolrV*il\ ^ 0 y*_/D a j^~JJ 

4_**j^* »q j L>JL p '\ ^ £ o ^\ P l^j ja\ (3 oLi ja ji>\ 4— >ljJb lq> qllj 

\ ^ i *\ (*Lp l^JUif j LA LJbLf L*>^ c-J ( Endocrinology) tU-D' a-Ull jJLp 

(j C > L*r . 4_— iall vL»L^S|l ^—U- 4_»lpj Couijjj U 1 yio ftjyil jr- 

oli y yll olJb*j L-ollb L« ^J j >b^wJlj ^1 ^ ^ ^ tjUu^ 


r 



L*wi ~ ^ _ f l - - -•* M kl/l^( 4P^ik^ I ^ll ‘ I ' J - j Ojlttlll il^jl 

— S' o j_^j L^S" (Colloquia Endocrinology) p— ^ o-i y hj^i _>*-*}' (CEBA) 

a_ip j j a) Jjt aipj > \ o r f U Gonadotrophic Club 

j 0 l_* ^ ^ o V ^Ip OjlJ «bJb5' j o o *Ip A^^ia y <j) ^ibli apL^i?t[ 

. jiui 6 u( jr ^ jui io> 

iLji*>U Jjty J-y ftLJp ^ ( Zavadovesky ) ij^li j ^ L*JH jt-^uj 

{j-t’ N A V* \ ^bp g.\ ♦ « />' ! Jj o j •** ,> i 7 * <Jb- '-I p J} (lib-) ^Li y~j\ 

^J_JkS' j*JLp 4 -. 4 C*( ai 0 — A C$ * 4ajLL1 jykx)\ j jju*T u^’ljob 

. > ^ o £ ^ U (Endocrinology) 
: 4^*j)l ^a »U^all JJpll ^l£ 4—>ly <LoAl 

4_j^i-' ./a'S j t^£ jyS' 4., -«■ ftl 0>LJ y* l_* (_J ^ .<a*> bf 

. 4^l>- 44«/J; ( J— bJ'j obl*P ^. ; la;Jj <L»lp 4 4. ..a; | ( . ■-.•»• ^Jp-b 4.4,1 ZPll 

V| b* u^ij Ov^ {j* 4_p-lj^ll oUl^jjl-1 b^t-bj*^' j^uail viJlS”" lij 
4jp'j^SI oil 4.,.-~.ilj ^ yA ji>\ -labial' 3 _^_a* bi twUj 1 jj j' 4 -L*jiS 

b ^ li ,1a :~jjJ 4_>-l^jJl 4_ii Ja 4 ; Ojl—la^U*- _yb> ^l_>r jJl ya-Jbi 

j LiS/1 <y— 11' O' bkS^ . j^JgII Jj ^-bili ^ jla; db U»LTj4 Lpfbllj 

j^>bM O— *- Ol— i » 4j Qtu lMj yi\j Lsiajf Ja^j jA ^bJl M) ya L» ^Up^I j 

. OjI ’* y* j A1 ^yutjl vJ*. oi jjlbil 5-LpL-jT. ij( C^^’- y * yii 

5j*xill (3 il y^j oV^b-Jl (jy ^ b*jb OlT li j 

i£ y~ ‘•'Ay yA ytl Jal_iwl Cfc-i -bl— ^JL_> 4 > ^*1 ^1 ».,iaH JJLiil 4**-ljj 4 *aaI jjy l*il 

-tflp j>_S^ ^y -A>- J y - — C . - 4~j*^l I ijL__^J j 


1 



<5 £* \lil ^yipf { Js- Jj-A^-b bj—U^rl ^P Ajpl Jjji t^jl 5 *; J> y 

• Jjb_P ^yJLpt !■ j »> jji^O ^MjAaL^JlI i-Aiil Oli Olj^[l 0»^|l»- < Ji*l 

li b^y-jt j^Ip J-fcJlj ^lill ,y y jl& Oly^l o»li c->Ul ua frl yl b*5* 

. ^1 y^U AyUJ^|l SftLi^iij < r ./>’ jsJb -i^LJjl £jA obLuail »jJL 

: fl— — o-^3l iJ— «Jl l ^j •* 

ji y^|t j( (^«L*ll -bb t s ^ i ob ftLjaP^i/l y tjLp ;b«3ll ^>uil 

( J_iliJj . ^ a^jrb A—vab* 1 ^l - jaP^I a_j O^ lpl—iJl jt CjI_JL*jJ| yuu ^ip ijjb^t jjJDi 
•J-lijl oJLX ^m.U . aJlp- jolllb p yj ^il yia*ll (Jl 5 ^-i-b-4 ^Jlil ^ Jta ( y 2 Jill aAa ol jl yl 

j-*j b_i y-T br'l _ ^rl ./^ u^**' ^ - c£jb»Jl i i jL»saj Ji> IJJ . L^Jljl yt ^JJLl c^L^- ol y* 

jl oli j( ftLwiil ^a__All (J»^l y y>j (Ductless glands) ^ yill ax-Ap iJiSl 

. ( Endocrine glands ) ^UIjJi 

: &j*j c-fl--— Jj*s 

Starling and Bills <jj O^bdl 0^ -Ulj . tbwail 5-iiil jlyl y 0y^' 

j*-P _jlbj^ . ■ Jl* ) 4-i-j^Ub 0 y ^y A*L *> * ^yu *" - ;*** • A.. * — i ll 0-XA j ^bjaxll \ ^ • V ^lp 

OVI (£~*~ >aj aXjI_m> q. 1U byt V[ L-lx ^51 a..,* .-ill o -L a iiUa> ^jlc- y* 
b-f^* Lj a *; ot ^1 (Excitory) * o>b y jk\ «i> >Ja** of y |»-p _^l ^l*i . ^ 
oLj — (Entrigastrene) J_^ (Inhibitory) i»— ^ j*-&y 

b>^»Pj . v_— — Jy — H ^_Jlp cbi^Sll aS^ y-j jwajtll -la>;?:» il)b*yj 0^-bLil (llm gas trin) 

^-PJ b-» J-*J aL .till jl 0 j\_tll obJ y ylb O-jjjJ b^ lit aJLU aJa^II ob y ji>\ 

• »JP J»pj - -*ll oJLfl Jb“^||l jl 


0 



f jtAll <jd j. — \')j\ Oy y* . *L*-alt aoill ^1 p Uij < _ r J oliy jit ji yjj 

jjty 0_^«* y* 4.... vault oLjL^JI jt V_J»1 jjaty j j~-aJ 1*5* . Jt aJ^L ^jll 

* ** - 4 j hljt t liu ^jv 4 m « * <3 all 1 j 

o>Lf£ jLj^\ <_/*-*? fj— “^-r*" c^' (j! ^ *^» C)f j^j- JS~** 

• (^-^-' <y 

: <Lilill aJL-»jJI 'jtjf&Jj dyji\ jXb i£j\£y 

43,) g 7 . — ll 4_JLA-1 {.Lxs- ^1p 4.1^aT,. ^ * i > . vj j>» ^bl JaLujt ,)* .P K*i y ' O-'ljutlil (jLj 

( Second massenger) s_jtf 4 JI — j J»U; j^l 1JU 00 ' jj>o j . ^ilLr p*>tj jr... j 

4jb-t^*.l 4_Jli-l ^. .-vt jt ^JLii-1 IpjjS”" ^7 Jbj^ <^jll 03 lit < *^P djLp it 4-jlilt <jLv jlli 

(j j( 43JLfI— Jit 4-jLJ-i jt J_?r ^_1 p 4i. a: .,.>.f. j j_* jX\ (iUi JaJji o( -Uj Jvr* tifj* 

4_ii J!j 4_jJj^/i 0j—* *jl— «S*1 ^J— 4> <3 *-^1*11 ill —* Jh <,.j.\?J ^ /l ‘*- , ‘ J . l^>j^J j~- - 

! Jjl - J\ i_ii>( <j-*J • 0 J- - j^t siJLlj ^J-Juii 43J,^; .»ll i_JLi-l SjLJLf otjjiJ 

(Calmodulin) c-il5*t *1 j— »jj— Jl£3l c->lijjfj _ (cGMP) -it j - (cAMP) -It 

<!' — jM« — Diacyl - glycerol - Inositol triphosphate - ^iJL' j-a^' jty <_/**■• - J> 

. Phosphoprotein phosphatase Jt y„y\ (JaJ jXJ 
{j-i jjTJ-iS’t a-iL; j J j& 0 j> ^fli J,lJt 

l a - ^' J ol*l) a L ^sj I \Ji_a [juj . (cAMP)^iU-l oLu« jilt 

(cAMP) -It jS" j oib^i Protein kinase j<~> OyjJ^' 




jlijS"' Cjy jjy^ ^ ^ym< ^UiJl 

ojA£\ *~S jjl »Jj>~j c-?^Jlj Regulatory subunit (R) 5-Jddlt a^jTjS I Cjy. 

• - •* Ji «-&■' f>A* ^ (cAMP) Catalytic subunit (C) 

cr&.j ■ 1 1?-** O^jy. Phosphorylation ° j* — »j j' (*^>l 

• SJilmiU CVJ^ {•"O'* 

R 2 Ci + 4 (cAMP) = 2C + 2R . 4 (cAMP) 


V 




Cy* 326 




R SUBUNIT 


j (Protein kinase II) — M ^ y\ l a ..^: : l iJLkjS' j~l' J— <_/»* ./ ^ o^ 

j i j ^ .i.<> 2 1 4^pr> ii ■ ■■ t jjiii jLlO |i >»*j Ulj • *n 1 * 

Oh JpL_«JI i-Jl— *5 " J (Sulfhydryl groups) J; j-u*j>iLJl ^U- Jl 

— 4 * 1 ?' . U tj^rl . (C) (R) 4 » )a iU C 

— 5' jaj (autophosphorylation) V1.il' • j*~+£\ 0^* - jouo J : k:. ~« 

. (cAMP) -lb 5iv ^ oj^-j c-poJI c-jc - j oij , (cy'S.97) -lb £_ ^1 (ser.95) 

— **■' |* - h i < jj olJjji Jibj J«.«i ^ll t^Jl' L*f 

^J ; a < «-■* Oh o-^ £_ j-> * y~^j ^ J*— 4; j • O^iM ^ 3-iu*lp cJ' j ^(i - <Jl> ill— 

Ow?^J b , 0 ^ -ll^U *^1^3 4*1^1 ctwiP ^lp 


A 




primary hormone 



r 

cellule* 

•fftcu 



active calmodulin 
compie* 0 to 4 sites 
may be tilledl 



— JU-LP Cijyj Ji (/-iJlj - (H) JpUJ J 

“T” IjLJb ^ g l a J Uil i ^J Lp 4 \+ A Z ++*S» Ju* 

y^J ^ » hi** |>|) ■oall^pi 1 _ ^ J ‘ ^ vJla*t -- I ^T. Zl | • C>> y* 

{ y2—JU i^JjA t- 3_L>-l.lJl £j., c^»l_> jjf 4_jJ . 4_jli-l ji> ■“ ^ 

jlJlI— ^ il l— ajI^I jlju o L*o pi 4_JbLl j 4_g?L oQIpI — a iM 

JauJji Of j ^ oUjjf ^ O^ii <~£ _ / *U ^Lcj . (Calmodulin) 





4-JaJ^ j\ ly*- C-ili”! cl j-** — f oLJjj( j . l^la .t; ; » 4 ,:.«^ ol-C^J^ 

ill— »j ( j— j jji* '. 4JbA-l cAJl*P <j 0->ljucll yuu - J-llS'Jl; 

Jl^il (Jliil (J -X*> ^ip jollll VA ^-j^C g Jlj 0*i|l l$*w«;l® '~^Jj MJ> Jfr^ 4j>lj 

cl —ill gin .«ll< J»\_»Jj^H ^Jlp ll^ll ol— yl OjU_» y»ljs_*l L.ajf L) 

£ jl_^. 4,1 -a:.- .» ^1 p 0 y jAl j^jlll Ox-lj y— -)l Jo*-b jyu tL-^- 4*ol>- ii^la> I 

y—« ( J->-b ^ j. —l l^ll ol— y f ail — j J (_^ij_J (3^ jj— 4J^i 4 jL_^jJI (j j . 4-li-l 

4 if*L — jJl J — *^1 i— J ^LM oli j__£il l j/1 ■»> C J ,^1 4... llLt 

<*U*i — -1 y-f ji (Mitochondria) ty £ yil jf (endoplasmic reticulum) 
(exocytosis) f j-hA-1 o»\. ; l*»l l_*jV L yy oiLil oJLa 0 j-£i -x* j . 1JLA 

. JlOl oly^ 

(1) yj (^1 y 4 _j\jJi ill— » > £j-j> j_j J or j y - j y?y*l jlIJ j 

1**^ ■-*-' Lf£- ’ Jl.I.i t— >ljbJLP 4^-,-t.ll t " j! ^ll 4ljlp ^jA y^S j* (^1 jt yJ 

<y j-j-uil jJo; Jl LfTI jJU <y jj ^Jij (Phosphoprotein phosphatase) -11 oAxy ! 

. <y y-ty i.Lr.*.; 1 )! ol jyb)' 

jj\i j... ■ -i^fl J?L_ J jl y 4 _j*j * *-f'l J ill Cj^ joU ^bil yivJb j 

H ^1 4~J.» 1.1JD.D 4^ t .z t ^ ** ^)l ^3 ^ a^ldu^l ) 4 > 1^-1 c l »«*P 4 l i4 " «*L. 

, (jji J^l J-i — * ^ I c>or 0 -xJ ) 4-li-i cLxi- j (protease) j.Uj ^ 

1_* 1 l J 0 j-^4 • 4-jjb ill — »j _ la .»‘Al |JL-A JO III 43!«*lj _ 4-li-l cl ■ ~p yX 

(Phosphoprotein phosphatase) -11 ^>1 . (^ J\ j Y « ^*-1 ) -x.-xp ill— ^li 

£j> - 4JbLl c!-Xj» 1 ^Lo^lJlil ^ia— ll ( <3 ^ y - ( 1 1 T 
(“I c ool ^~l) (pyruvate dehydrogenase) -11 f-ijij (glycogen synthetase) -1' 



,c- 


jl jj\ (J-i-*-* j — jj - £ jUrl <j^* * ; ■“’ <fjT^ 

I j,_j (^ jjZ ' ^LM <Js^ (*-*i (A i^lflji-l) «Xj^Jl «Ji " Oi^Jc~“ J 

fj-cj jJj . (\ . o jJaiU) (Kerbs cycle) 9 jj* j ^ (acetyl-Co A) 

. (\ \ i^Jai-') (glycogen synthetase) -M ^>1 jl— * ^ 0i~ Ji ^U-' 


. (^ Lib JLoj j) 0 oJLa ^ li'.tj 



\\ 




: Cascade mechanism Qljjyi jiJJ a £ s & j > 


3 ^-Jlp ^ . «j c ^JUl ^Ualll L^JVj i-J y> jX\ (JiJj yj 

A_^j\j 4P j*^- 0 y * jt lT-<1 jjJ till 4Pj-»3? ^•^jC ti»« 4jj J > jXl 0*1 jo till 

j( jj—* 4_iiU «— p j-*j 4 l 4'~» l \S oi^pL-aiM jf cjIjj_JIiJ1 

5_jJLiiJl 4-g?!.*.^** ^..Ji 5 — J ja (j-J j . t j^a j ... 

4_JLi-l C-li . — P ^rla,. —> ^!Lp ^l;^*- — <>. ( iJl* U)li* ^ Oj^l^jl^rl ) 0j«* -W-Jjt JZ 3 4^«-— > 

j-i-nli U_A Ja-^-^JOij . liji Ji l \ r ~* iS (cAMP) J' Sibj ^1 wJLii i£ 2 Jzj . 

4jlftvZ_— >1 4_J LP I ..Vij Lf jJj -X*M .t * t\I lI-J l ji P jlu*> O^jJUi Aitjft ^lp ^ jy Lxlt 

• jjO^* CtJ^J 

Ajl .t» .It ^1 <_£jlj^t #.L«i*jJl £jA 4 ~>jAj}>\ . JiUj jjvJj 

1-L* jj . (Glucagon and glvcogenolysis) 6v ^M-' Jr^j 0 ^-IS' jLM <. jli-l 

klJUJ <~j (N » jki-l ) i»JL0.:.-l' 3jji-l t ti»p ^Lp aL2l.^. 0 j*S jU-1 -kJjj 

Ttla— Jl l<r ip -la-— j J^Lp j-jya ^ dili p-kJ ^ aij . (adenylate cyclase) -1' ^y\ 

—Jl jZ. ~-a o^Ljj viJLli j . (T # jk>-l ) 4j>rl jll aJuA- 1 cLioJ ^l>-ljJt 

o( j— 0 — o (T « jkjU ) (protein kinase) -1' ^y\ c£-ul (cAMP) 

UT (o o j-k*-' ) (Phosphorylase kinase) -1' » yL-i (protein kinase) J' y*>-. . 
ik-iJ jo»li J jj— all jj— j& Ji ( t # jki^l) k-iJl (Glycogen synthetase) J' ^>1 y^. 
(V ijk^l ) (glvcogenolysis) Ji g^>_ ^ ■ (" ijk^-1 ) o* 

<* - i . (A SjJaii-l ) jjS ' jLw (Glucose - 1 - P) - \ - jj^ jl* 1 

<_JJ ‘ <-^r ji j-Ji jji-iJ (^ jJ Ijjj . ij Ojjjjl | 

uij & Jl S i L f lil 




* ^ j' 1 * * d li-oU-l jv^-^j^LLU JjU: j tj* je- jjf ^U-l 



(_£jjl j Cj jA otjollif I JLA 

^ (CNS) ^ jS’" jl-fi-' j-* * j-sL* ol j-* <£• ^*4 Jsi y» ^ 

. 0^>I ji>i Ji N^J ^lv^i J>u ^ 

4jUo-—i i s y£ ^ (j~* ® j'— <j-* <5-*^ jy'j’ UxiTj 

jt oLi)l fJLP ^«iJl>- ) U_>-ljJi 44.JI ^jA <£ I 

J-j ^ ^ L*l _ 5 jLi-^l *-ip J-i^ . (a*»t jliLl isjl oU <j ^Lp yj^> ) 

Ji p— J (limbic system) j^— W jL.^-1 Jt _ ^'L-^-SCil J ^_» 


>r 





a_J Sj*i _ jt 0 j* jj*ij • 4-^U^jJl On j ^ $ <j> aj»1»1lI 

Ciy J* y'i jl _^i*^l 0 y j*- A-iJ • ^ j-i-iL Iji v : r £j* 

0 _^— • a_jj . ^>r j^CJlLi jJL-ZJ 4 .»^jj ji-f T jt a Sj>a Y • j-*^ -'“ •''*' 5^i ji 

oLJ 5 _j>_» jij ^ ^JJl1\j jJLS; *-*£> (ultimate hormone) ^yj^ yi v*^^' 

\_J JljS- oJLjJLP jJ} ^ jjr ^II aI.S; — C £) yi\ . \...«J <L jb 

. 4jiLl7^1l A .l.1^ 3 1 Llll AP^I*^ 


Environmental or 
internal signal 



electrical/chemical signal 


Limbic system 



Ultimate hormone (mg) 


I 

Systemic eliects 


\i 




A X w lt { ^ip H ^ l — 4 a l l XtJ ■ ■ — dl I^aLp l ^J 1 a 1 ~ 

j-Xwca ^ On ■*■> ! ^Lp- jf jJua* ^»L«iT o*U y>r 

: oU yll j*-— ^ <i (»-*^ L*^>j . 4 j 3 - jjJl L^Jljwlj <JL»j-!*“ 

: &\jjAjk\ py- d : Vjf 

slLk : { J\~*S±\ \-h^s O' lT^ <J* r~* 

«-r^M ^LOU o>l «z s-* j Polypeptides -Ju-zJl ol-uapj Steroids ol-bjjw— N' 

. Amino acids or Fatty acids - derived compounds 
; y A»;j? ^Lrff Li*4 oliy ji I ^l—jl U-Sj 

: Amono acid - drived hormones y^S/l ^t^SM SJL^dl ol _ \ 

" 0 >*'— - ui-^ Ji^ — ~ Hj - j^_jLi\y&} - J-^ 

• ■ 5 ^' ~ Oi— ^ ~ ~ j 0 jT>U. 1 j - 

: Fatty acid - drived hormones v*jl 11 y UijJlI oU y jM - T 

j> ~ Ql^-S - * y'Jj^J — *jjJl 

: Steroid hormones cjU ^ - V 

- oL: ~ — -‘V'j - Jj>— ~ Ojja^ — J — ^ 

• D3 UjuJI pi a:.tJj j — 

: Polypeptides hormones o»'-yJI *JjJLp ol y j& - £ 

~ *-ij\ { *^j\jy y+j — O^^Jj^J ~ Oy J* 

- oy y~J&\ j TSH - ACTH - FSH - LH - J» Jt> V^‘ 

. 0 y\^ j - j y J*> — Jj Jjyljljilj 

L^jLiiA ^Ij . ^U^alt Jjjjl ^Jl ^Jl fl sty «i> ^ xim* O^plpf -LlJj 

j L» Oi j° o* y^i V- 5jLi^>0 IjUajjl »Ua )1 Ifj ^- j 

\ 0 




s-t& ol-L-^Jt i4_jap y ji I ^ jJI jLJ Jt (Exocytosis) — S' jf <,£ 

5_fPjSl' J->-b Ji (extracellular e space) is 0^' <y* 

— a_j jlilit <L*-Ut y _ J SijJl ^ <j <Lf- j^/1 « jjb ^ . .-> - JLLijJt 

JL p- Jb»- jlj. ^Jit jLT £> Lgl^b Jt OtjjS/t <Lil^ lZjLS * flJLfc itii> 

J-LL' jjj_c. — -j (fenestration) jt <-Vj m j>jJi a_. pjty diir jju*- 

Jt a_J jit jit >j.L i~ Ja I’J iiJLP. ^jit jb 7 J?s-b Jt li^bj- ^-^4 oLS^ jit 


^Jlp ^ J-* 3 *' A_^3r l_jJtj£jbi 5iJL^L-Jil l_j^ii-t Jt J .,<■}*! jbJ 4 U...I e_Lxj 

vj^>t_>^> j ^ 1 i 4 - — *ttt Jli-t U5" lAjj^r bt 4 ./^ -»^tU t^.i^t.a.i.xlt aJIp <zJ\ j> 
j( 1^4 ». J_y-b j jt a „ ^^l^S/t y a 15 :. tit (j-»t» y jik 1 i yju j c->tJL^Jl 

^j_4 Ajtl_£*il jit CL>r . SjJU^jjJLo^t i^ltj j4 jit J L*^"" L^Jj jit 

, * t 1 1 ol^_? J->-b triiodothyronine ■» jJ' { J^j Oy jj^' ./ Vc- 4 ^' 

.( nuclear genome X^-i-t j& yje> k^r jl jJt l^t jJbl ii-^i-lt 

0 J-4 jit jt J_*l A _JL ji»j jt J_»l C->b A Ji- »l_P jiil4 J-T^J 

. OJ-^T.-lt iji-l JlP OjoIj aJCjI^a Aj J»ujt Ajpj^jt jjJ jl* ( jp aILaIiI j*j I^j yk>-\ 




i 



■ 



N't 



: U jJlj d\£j > j Ot£» c# S— ^ >• : Utf 

JL_J Jji jt Ifolp ^Jl A^lpl OjJj^OJ itf-Uiil C<otj C-*pl ^JjLOj 

^j_> t) Ji <JU illipNl ^1 ^jJV-dl (j* 0 j* 

I^Lsj j £ t <sj\S ja (neurotransmitters) <;.w3»Jl o»!>tflilb ^*-~j L»j o>U yl>l 
Sjlp 0 y yS" epinephrine <y yi^l £* J-W; t>w»( <u!pj . j£\ ^ 

^ — aap Jil — ;T norepinephrine^ — £ yjl^yJlj adrenal medulla * — J j — * 

^ jl yJl L^J»LtJ j aJL^J&I U^tL-T y ^ fi>)\ ^ip neurolransmitter 

• ^jLjl V* j y {jA UT .4-Jlp^Jl b*}ti4 ^lp 


OH 


ho y"t 

HO^ 


CHCHjNCHj 

I 

H 



ri> 


. zrJ L -> J t •• <vO-^ '. .. CJ|J 

“j /< i 

i^j £ Q/'L# 


A ; .« /S -stll <J^>l_>l U ; P ^L*ai ^ya»ll J?L£jJI C->li 0>U y» ^Al yu 

cr-^ '^ J '-> yy^ a-*-* jy ^-y (Paracrine) ^'U- jl yt oli ob y y L$Jb (Synapses) 
Endocrine ^ip-l-iil j' y^l c->li .s-UiJ SoUil c-»U y ^>1 jl yl p-k (^1 5j -iJLiJl 5. L jJail 

. ,y^|l ^y> r . . /* yM ^J^-idl y» L*5~ Oj-lP ^1 0jv*^i Q>liL.«.< ^1 L$Jl VI 





3_L.f j-* enkephalins ojUJU&V'j p endorphin o*» bJ' jOu j 

• Ob-f j Endocrine j' oti J OL>-V' u am j ^'Ur' j' y^\ oli 

( » • • ■*! Ol»_^ yAl ^ vi-j j*— ^ J-£ Of «—-£ ' 

' ji '->j 1 ylj o*L; ^ y> ^_aj (autocrine ) j' y^(l c->b o*U ykl 

blL> ^Ip ^ « jjbM O' (j&i '■fdp i-li-i 

c^U^-S" J-b* LfTlfjL^> J**>j prostaglandins obx%rb-jjJl oU y J>\ 
J— <>*ij Prostacyclin jd^- — -li— jjd'j leukotrienes ob y yf ^0' Thromboxones 

• J} j\y\ ji iiyj^ 



\A 



• jjij O'* •»> 0 L 1 y yA a. .«jj |»^l4 jj-*' 

I L^j^ ; fl T .g« a » .. 1» jf Lj.— y ^1 p L^jIj^jIj 

Endocrine hormones ^^Wail jl y^fl oli y J*\ - \ 

Papacrine hormones sSr -j‘U*< j' y^l ob oU - Y 
Auocrine hormones ^ — "lall ji y^' y y^' - Y” 

Ol — £-* A>\ — .~ U (_) J-b ^ 1 P 4_jJ y jk\ O-^lp d«L^ « — 1 y -Vjlij 1>1A 

LAj^>LT ulw ^JLP «J^\j y jiX ^ ..,a~ ^yus'tlj .lAjvU O^-'J Ukjl ylj 


: j' £. .^' ( + ) vju ^ ^ ^ 


Class 

Endocrine 

Paracrine 

Autocrine 

Polypeptide 

++++ 

<+> 


Steroid 

++++ 



Amino acid -derived 

++++ 

++++ 


Fatty acid - drived 

+ 


4“ + + 4* 


<3^U*iH ija — jyj ^11 <^j\jy jM y Endocrine 

A*a$: ..ll L^CU L--J #-l*j «iL < ^ail jL7 aJ a *~\ y Jiij _j ialp exocytosis 

( Target cells) 4-^ 

Jl JiiJ o>U y y '-i* jy? «?kJ4 ^ Paracrine 

. S». l ^t. .. ll jt Sjj ^Jl j |^l jf Ojy^aJ aiL^» 

l— yli j aJLp aJ*— .1 jj «a^L!y _^Al y la> j' yi Autocrine A^iS* 

. UjlJjr ^Lp aJ ^*AL*mA a y>*- j) \ jjs J <1) y yM lap ^JjcaJ Sia^ 


















i ^A l> *jLp 0^ '*ij 0^ jj -* 

— aJ5«>^ jj^i !■* — 0 j* (J C/* ojU^*^A 1 o^jtiuw* 

. * *l_*jt .^1 ^j,t.Jlj 5_j yJiil SjjJ—ll J>L>- l^Laiil e.Ljt 

J^J 

«y-^» autocrine <yUJl j' olj c^U ^ ^ ij paracrine jt ob oli yU ^ 

L» 4liL« 4^jti 3 j y>$ ijji Ui l^J j^S”" <wJl£ ^iXii 'J>S 3j ^]a3 

j £— Inpothalamic releasing hormones <->.j\ y^f' oU ^ y* 

ijjjJ'i y y» /y l ji«di 5>J-^u-Jki -X>r jj 2j J-ijl A^lpnjji ^1 

j-*j Hypopheseal - hvpothaiamo portal ccrculation 3 — T _ JA S—^bOl a^LM 



r. 



: Ujl j5 \j jSLoa £j\j ja pfjfc : liltf 

Ljkji l j i -i^ * ^J Lp 4 ii« ^ oli^> |» » ■ « oj ^ 1? ilU^j 

oLi jM — iL^iail 5_;>L?^iM oU ^*jA — ^»L<^| li ^u ill olJ yAyP * jjl ^ yU ^ <«<*> 

— *j --* C<lJ yA j* — i-ijiyUrl 0>U yA jM — ijijJlli C-*Li y > jA — 5-^Uxiil 

^ a '*^|| I ^ -•^•' oli yA jt* — ot' y* jA — 4j oli y* yA (jLlJyi^)|l 0L> y 1 yA 

OLJ y* j*> — vJ^\— i y» j* — O y*il OJL«lt a\-1aM C->U y » jA — 4,» ; .~ll oL-i y* yA — 



^jy yu^li 0 «Ia) 1 tJLfli y> yfc — C*tf yfc**}! 


aJ^-w Lajj^a tlr <£ Uj i-Si jJs-J Ljjijjt a>lp 4 iva.; ij-»U ja jX\ j f+zjj 

gji t^l Ji r -iil ^ j\ r jJl Jl U 5j>il L^CU Vi^f J^U 

^ywii U. il y^A <-* J» ^ylp LpLw? oli y* yLl 4>* J5^' 0^-*^ -^J 

LA y*jL» jn ; »:,1 0>L-5" ^il ^ydLJU yi y^ \-*£' - 4-A-JoJl 0->U yA ^ii ^r y] yj.-jM yjllJl 

ji-!^ ,^-Lp 4_li^S/ly . 4i.-.«A 4j^li ^1 jjjllil iJlA y( yo Llll OJL* 4^U ^ y» yS y.,^ail 

(y-w^-i C->Uy> yAy yw5” yj^iliy ydLjy.il yyj'j Jlill J-~- ^P y^-^ 

_/ CJ> y — »«_— ilJi (3 * * •»*'! yip «lpL*-> \jf l...«> IJLAy L^ijf 1 jj y . 

. a-Ji-li^ly 4-Sr^Wl 2~»-LJ1 £jA viJJ-i yUT C-> yfi» 1-Ljy 

L_Ajl j»\ ajbj a> o j j ^^ a \iuati lfJa.<u yyi-i . ol* oil ja yLI j\ j\ 5> yi y 

^y /a* -^ y^ Oy^i L « ;l 4. J^ jl yt 0 i^U y> ^Jk ‘*-^ 

• < y^’ «i ^ y y-^" (J) OLi JA yPy 4> .*■ i i_l^U y^» y^l^ ^sjy^ 

C-»L Iy> yAy 4_ji^)l (jy_» oAP Cylj y>» Jaii AjtLA-I JUP Jyjj l> L^Ia 0^ L*5" 

• t ^ Js* 


Y^ 



^ — * ^y^j *— ^j^i/ j *-— >?\ »3 oily jk 1 C)y£ Ji ^53 j*> "j j 

*b( j 5 j up <^f iiy_> jJLpj . Ujiy Jl oil ^il <*-U4 «\.'/7.i'\ Oaj L^JLvP jj*:.-* 

\ . ^rj yi a ill fj^—i J ** LjjU y jh lAji y\ ;*wLrJ1 ^ yt £>- 1 jT j\ y. l^vU '■ j ' -■ g - 

— ^2j o JLp\ — JLs vS^\ J * — f ^ 1 oJlijl d JLifc oU jl 0 yA ^.UiP'l 

by*y j^r*! J— ^ i b* <dJ—k J*)_j . 

• l*i*> y aJ Usjy Jyyt L *ji y- «jjy» y O^y-^ 5 

: jy^l Ja3 ^1p S^ji! jUyJl 

: W^* ^ yy '-^V* t£ l JS^ 

jj — & by j-f^ yyy' jy^ s - 0 ji by °***M <y Jy*^ Oyj& m ^S (S 

ij^ . 4jo jj ^l*iU y ^ * ~ ^ > (*^ 

ojl y v i y.S s^UvJl dy y yj Thyrotrophic -5' Oy y yb* j jy 

«jyj sjjieil >»--•* j* <._.— J ^Lp sj-bLi'. 0 fc* _y ,^-b <ji (3i *i <— *“ l* y^j 

-Jy yi yN' _yU*M ( jja*j jf oL^U-ail Ji* Si-jt- i\ y ^ 3_i^5" o'y" ~.yj (f 

j.x... ..-g- s ^J-*-*-t (C) tu<k ^ j •'?**' <- r - , ly (_J 0 N 

.ijw-S *" j ^di 6 jLisli J^ij j Ij jyJ- cjU ^> yi ^ yj ^*ap j' - yj ( ^ 

A^—Jr‘ iJLili oli y y^* * &y J}i jJan’ti jl ^ -».^ d l i yj ( d 

. Ly^jL a ^ 4*yLfi- <j i~l~^fl- ~* - lil jy tj {^1 ^li«* 



: oUy^U vrjJjJl OljJtJl 3L>l v oJ J >dl ^ 

^ r*l il <j j-Ul <;« - *i »j Sjj-sS”" o'— »T o»U yll <J^ ^ 0| 

; L* UJ «o>U yLI ^iLis’xAijar- i^Jl oljotiJl i_-l o ij^sf <J ijjp 

<*»■ jS ^ .Jl Ajljut Cflji ii 0 yit j( jiy ^ y«j ^5l oJ*lt jf ^ult Jl^iiuil j( illj! ( \ 
Sitj—jsdi «-La <JL*jCLx[ v_3^U<aj Ji 4jf iJl> 5-Jyll jU*yi 5-xlji -*j 

(Jl J Up L*5^ e-liM «JL» JLa£^xI jji j jii ( Jl» CjI J*.,n\\ i jA*i 

aJw . X O ^pIj U^nm^ s^ y a^ M J d*AP 0 ji 0>^a)| 

*VJ . ^Aj ^ iJl (jLxiSl»x| JUP 1*^ o^iM JUoJCLx^ y* ij^ai #yCi Jbu 

•-Ljp L*5” $jsj ^jfUu < _)L«aK«x 1 t. - r ^- L^aj *^f ,. y 1 -! « 4jl 

.5— iKjjl aJLfc JLiJ $.Lfe ^Jix i-lijt jt SJlj-JLit (JLa£-»1 

, O’y^" 1 yt jV* {^f ^Jl v-Z^IjaSsj ijy y«l 

3*X — — aJ* 6*Aa --L* 4 Ca.%xI J ^*-~~~ < ^ ■ l ^ n.g $ , y* r A*aP p \ ^ 

y-- 0 -C) ’XL) f- JjA j)( yflS-i iJ^Jijy^'n 4. ~“'j" fr* a ‘ i *j‘ 0' l .ii'«.‘.~ 1 xi W,*l r„)'_‘ ^UxljjS .U) 

. \Z-*£~ SvvC^I t_0’l jiyl J 

J’- y~V> J <*~**iM *yLL*P Cuiiqf C-M>1 J lal oil ^ ^i.bpJ-1 _y>‘ jp'V* <L*l jx (i 

o y* P Jl ,»l a jbj pi y Np < . ,i»l P^fl ^-Vp ci Js» ?'l hil «J „ SyVail 

1-1.5" . a^nil -S’ lO..- flJiL «Ju»- O-l*; L*5^ 43 j J^aI' #Aiil ^jj> j ' t »- jjLxaitUxy; L» 

'•it axJ'VI cjLpybb 0 yy* y>J\ ijasj Jeh j£-\ ^r*^p y>y. 

4*2 Asf^}\ yVl -^-JUx^l (j jJ-t ^«jLsjl (^it JLai j . 0 y 

. (Jl^l LL_A (£ <4m]sP 



' I J ^ j J> 3i j- .^-' wll ■ ~ )' -^'-w*-- -« ja C->U ja ji\ ( o 


3 r « ; .i?l' oUl < jS” r ^Lt o>U j* jM ^iJJLy <o j i £-\ olj^jlii' 3-*lji i ; ?L^ X\! 

. \jkijii. J^l: Ll y 

L — *r jti ^aLwJl! |« .««^r' cL Jttdj J <j 0»U jA ji>\ j^JJaSj \Jjjjj 

(Jj \o ji 3.*t J i^iail; <_*j k*\l oJLa (J^._.,.r.«<[ ^1 CL-< Aji-I ol__#r'^ l l 0^ 

ij\j—j N — J l (R1A) \ 3pUi\ 

C— ♦ jJl ij ijdj if - A.__ljj jjJl oU ja jX I ^yiiu) _ Aj*- j} j-t j 

^ yl+t r r « t >i ^5 A O-l L ) jA jii J . J ^isil J*j -,^»1 ^.1 

3-~— iA ill 3 — ^.:,ll C-»t ’ ja jM j-jJJL J At l —-i . L^_ , . 

. J-J-i cIj jAj>- *>h> J Jl J Gonadotrophic hormones 

^AaJl oJLa c I ♦ ,s3 ji iA*J( ^*t ,/* ^ (V 

. (£ i-Uii JA 


tl 



•* 


«* 

4 . 

The hypophysis or The Pituitary gland 

JJUtji ^ jjH *- . j»— Jrt lj f I ^ -'tH ^JLatSl ij^LSiiM oJLaii jy*> 

. c ^ JJLiJl ^jA oJS’ Jio '• > j tjXt>> Li Li 

. jjL-jlil jf (master gland o-i~- ) L 4 JU ^il ^ oaiil tiij 

I 1 ll 

jJa*H ,J (Sella turcica) v*UvJl • j**~\ ^ ^ C v“*^ J ^'- 5 3^U>dl ••**!' ^ 

. (stalk) JL- j ^ (Third ventricle) £-*11 oJLdl ^daJi £Li (Sphenoid bone) 

±j >UiJI J * ■- " 

\jOj fUity jJ j*_ »rj \ J £- J} J • r Oy 1-A»r »JaJ' 

“. L*»a 4jubj\\j UiujAl »_..!.»>■ j Cvj^ (31 i> ««■*■> j . 4j.ii Lit 3 j*-^ 

:Sjj£ 4 j^C Ji JLJ ^ j^L^jJj Adenohypophysis 5 — jjjJt v 1 ^' ( ' 

. Pars di staiis 5 ^jlpLSII v^-^' (\ 

. Pars intermedia ^ LjJloUJl (T 

. Pars tuberalis 3 ^ jjty (f 

Neural ectoderm i>" Neurohpophysis 3 v 1 ^ 1 O 

L~* tji j Oi*— *i J,1 Diencephalon Ja— yil £L» uJl jl £ll ^ £li ^ 

: J! 4 . « . r — aJ Infundibulum £ ( N 

. Infundibular stalk £ «-3Jl J' — - (f 

. Median eminence Ja-yil * j («~» 

Pars nervosa *j (T 


To 


Ante rior lobe SjLib ^»L L»Pars distalis 2j-U-US\ 0 j&j 

c_yJr\ Pars nervosa £> Pars intermedia Jh v*'^^ 0 

ia_ib ^_ibU ^ — -j l* Neurohypophysis if Pars nervosa 

J«— yil 6 j infundubular stalk J'-*- ^ J-^ ^ Posterior lobe 

- Hypophyseal stalk v^' J '-*•>* Median eminence 

uult ;3 S-lib ^Uail ^ujpjj ^] g . J a . V ulll _j3lj 



: ^ 

<Jl oJiM f\j9r\ £jA *j Pr 5 j oU L*-i 



: Pars distalis — £l5Jl i -alAj! : 

4_«r^Uajl yJ> o 6-tall fl yr\ Cf* J 

L^jU jL-s—t jv_j Sinusoids ^ yM j Reticular fibres v^r— ^ 

' Q ^.-hl l b^Ajl‘-l ^y CV'J* ji ^ 

. Empty looking chromophobes shli js- sJL* b^ ( \ 

. Granule containing chromophobes <*- r^-> ihli <--£■ (T 

Ji Cr^-J -iUjO-ii oU-^ji y ^ali ihli oL> ^ l^j — '■*- ^ -*J 

l Q»U...3)I y ij vl* ^ j J LjlJjli J} t^- 4 y&yjfi: 

J-J; oL-^- ^Lp ^ (Acidophilic cells) S-ja^l*- b*>U (J 
: Ujk jjp y Jl b*)kJ-l »JL* -t— U j . Orange (G) -M Ji* i-iu*bA-l <j>bwaib 

Jo. i ^ jU — j j (GH or STH) j— -J' Jy j> « jj — iii Somatotroph ( \ 

. Typical cell b^U ^ Oj^CJL. r* * : r . . Jbj» 

... ^-1 Jfl ♦ (PRL) Cy^^jx)' ^y^ Mammotroph (T 

(j ■_ Oj^S" b^S”- 4 )Lp ^ " * ! 1 * ' 4JjJi^[l 

b^b >4 viJUj .sJLp- -bj(j j . 4j jLja^j bjt ^it ci/i— JL p 

, b^ji-l slJULr jl ji[ _jLL^ JLp b> ~yi> ) OjL* ^ laJj Ov^ jl 

4_Lli ^ (Basophilic cells ) £r-aJ» b>L_^ (^ 

4 it ,y i l^jL^o ij&i L»S" oU-Tj_y v-^^J 4j JL pLSjI Cjlawalb 

: b!>0U ^ y\ 5 — ^ Jl Uj;J ^j:.j . ^>^1 oUu-aiU Anilline blue <J jfi\ 


YV 



oli bOb^- (FSH) Folliculotroph (N 

jjJb J jsr ^L~lX>{ C-.- * l 7 LC.jJ . A->jObj*bi 4^-0< l ^U * ■■•■« 

b$t* jl j ^-L jj . (FSH) -ll 0^*^> tj jj-i-ll Jr^ (j 

j>TT bjl j>\ oL> j—^j (LH) -11 0 yi • jj — «il Leuteotroph b!>b* (Y 
. Oj^-*-L. Y o . ^L' <J— Gonadotroph <j jl y^l oL?- ^ ^Lli 
j±-J> . bt>bU > — *f (TSH) Jl 0^> ijyill Thyrotroph \£U (T 

lAjllilt </?i 4 j jl ^#1 Q>\.. •,;- b! ^J l AyrlalflA ( J$l.-. l l j} * 

. \ o » ; NY* jjy 


oti p»J-l Jj* — S bob* (ACTH) -H Oj^y> ojyiil Corticotroph bS*- (t 

{jtj*** lJ— l Jutlrjj . ^b-**^b jl t --* > l'tj;J*l J&»> yj ^ lal.j 

. Oj^LaJu Y ‘ ^ y~ bji c-»L s ->-i _^ai ( a1»jj b^bJ-t jJlT Jl (Gastrin) 

(MSH) J j — « j*> l Melanocyte - stimulating hormone cell b^ ( o 

A.^- s A k)! <L»*1a*J1j AjJL&IaII a->LavJ 1 L* ^,..aT <Llt O-A a. Ip (_J b^L-p— Oyl *P 

Ob j’J — ip'jl Jl bf Corticotroph J 1 - b^b* ^ bj 1 ;U oJLL* — iJj 

. (MSK) Jl 0^*yfc jl J>\ Jl(' * y-bL'l Corticotroph -11 bjU- 
5_>j^U11 a^UJI L£U r LJl JSLjJU v-/^“ jiw ^Jb 




YA 







Thyrotroph 


Corticotroph 









: Pars intermidia * i 

Pars distalis 5 j jlpL»J 1 i^Uiill j Pars nervosa ^dl U^Udl ^Ju 

aU_^l j j. ; *:li 4. i.m J» L|jf US' U*U^jJl oJUtll qa — ■’ l j jU l<yr 0 J 

olj j . j * ^Ip ui Ljjt ^|1 . oLJ-l <iJtj Ub*>U-j . 4 j J pUil U»UkJl 

Ou <» 4_jJ.l 0_J— * jl _j_5U c J~~^ J*^l 4j*tfl*jJl Ij^jP (jt Oilj . ^-y»U 

. Melanocyte stimulating hormone (MSH) Oy%il 
: Pars tuberalis 4 < ,..... ybt-Jl : liitf 

^uJl »3r 4-» jS' ^1 jXJi ^rjjj oLJu (.ji r IJLa JrVi 

(j — J»Lj- J — * <— -£• jjP OjSo j . ill.* yll U«UkJl ^1 Joum yll c yJl U»UkJl oJLiill 

e j-Jrl 1 i— * Jji O^M 0*yj J • ^ J* J*i - 0U>-S/1 ij***. 

• s^>» j»>y 4 

l Neurohypophysis 4«; Oa*>H iybxJl : Uilj 

^Jl 4_j_ljij! 4 ;;./>■!' U^jl>l jjL^- ^jA 4P 4...*a,«il U.-L-S/1 ob Oj, 

Lj^U 1 - C U— jjU<M *.i — » . Hypothalamus ^ ok ijji\ <Jj lpL_wf gJJ 

j-fU; Pars nervosa <y ^- SU J' cyM ^ < ^ill JL- 

iLli Sr-ajJl b>U-l ^ jr ^ Granular neurosecretory materials bjl yl 4_^p 

jl ^JLil Oy* yH-> U*AJj-i ,Jijs-£ OH y* j* . U»U*- Q>U..<a» -*11 

Oxytosin ^jy-— -S' Oy-* jAl o U^ Antiduritic hormone (ADH) 

; .. ^i i t.jk-\ jyy ^il ^1 p oLcp^I jU. 4Jpj hormone 

51 j-A\j Supra optic nuclei J ®l yll i) a*» 1 ^Jl ^ jl y^l 4. r ^a«ll L^J-l g U^J jSj 

. Paraventricular nuclei V J v^j^' 
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:The embryonic development of pituitary 3-UdJ ^-1 j jkJl 

I L*_a jj lalit oaill LiaJ 

^apliil v*^' o* 0 £lj Oral or Buccal ectoderm — ill f j* j — ( \ 

.( Sail! i-j 5j 3 -* jdS 

) Pars nervosa ^**1' tj x*-a^ j_^>j Neural ectodem C-> J J ( Y 


. (Sail! 

^JU- ^>*J1 t-L-ij <3jS|l p — «i* ^ £~*alt cT - 

^JLi «L4\ j ^JLpf Jl j-ajj t/ajl Pouch of Rathke <li — j v-?=~ ; >w* vr*- 

< ->jr ^-*L> jla_Jrl • kii-)i a*w < y>r *.Ja> ( JJa z*~j <5*^ ^ jSL* ^*b»S/l 

^LP 1 ;■*■*•■' ^sl^l ^laJrl ^ ; ■^*> (3 J»2f Or^Aj i* 1 — 'j 

v~^ Resedual cleft 1 >i? aJU jaJl kl~>- . jUli a** Sail! j jj. 

Ja— jill ^_eljU j'a_*4 L_ *j-j Pars distalis v*U«alt iaili ^opUII s.j>A jJ — 

. Pars tuberalis ^ ^’S/' U J J*: — : » ^L*S/' L*' Pars intermedia 

i *■* ^_lc- vil-la J 0 j-^ * (J-; -- L*5"” ^..-aail j£ &■** . 1 ] .,-awii O j^Jj j 

j-“ -< q <^aM viJtlJi 

jl £*J»Jl L> j£~» (^Jlili /,«viaJl j^>. j' V _/* ^ jb JUA ,Jj 

5J _^L* \i^\ ja ihT J1 ^ ^S 1 ' jt c^' ia> £_li J • Infundibulum J jJl 

U Pars intermedia *is— yi' ^ Pars nervosa 

. Posterior lobe Savi] ^iJji-1 jjaa!^ j ^ ai' jNeurohypophysis A-wa*J! 

: U.U-atU J\j aajJl jZ 
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: The blood supply of the pituitary 3>uD 

! U?k tji (j ** ijill 

. Superior hypophyseal artery (SHA) jt </ <jb ( N 

.jtLi&Xijjcj fjZj Internal caroled artery i> Jt yJi ^ jy ^ y*j 

AjJLpIIM iL>b>rjJl \ q -o«; i^Oju jk^a\s ftJb-tP .jwi i^-o- , S-Xill ^»L«ty 

4 -JjS'l 5 »jLi! Sjj_— aJ ill U ^-C 1 3 

<— r-'Vtf v^' vM l *i • jj-*M c5i^ C*^' y« Primary portal plexus 
• «i*k^ ijyiJail J| Hypothalamo - hypophyseal portal cerculation (HHPC) 

. Inferior hypophyseal artery (IHA) J Ob ^ (T 


rr 



Jij* O* Ji <y </•*£ J jfl f*^' £y*=J 

Anterior hypophyseal veins <-r»L*ty <— -U*J1 m ^ \-Xijjb • J-=*^ </*^' 

5 jiiji-l S aJjjSlij ^J— ualT L*^"” i--«l -»^:U oJ jjj ^>L>Sn j 

•JLw Si jjSl' «-i— * JS" jJ 1 . SuiU ^uuJl c^rl; J-<ai ^1 Posterior hypophyseal veins 

. Collecting vein £*& / Jj»I j Jj jj Js 




: The nerve supply of the pituitary SjuU 

( j-*» ji -*1 jt- ) A ...i3*\\ iZj\ : SjJLiil ( \ 

O Jju# ^_» l— . I— A AjJliit i-^LuxP^I < y ^ y (£\ JL>ry *^| I *• --■»- ^JlJi Od ‘*i*i*il 

Caroted plexus V4~^ Sjjijait ^ AijU.,».Ji ^LopS/1 

0 A jjL^I ijiy* O* A. ;.<?»)! a-^UxJl! .jIjLa^I ; A..,»d«\l <L>U*ill (X 

A_jJaujU“lj Supra optic m J i j-iil A*i/U ^«*Al ^ S-lol» jS- <,. ; ^ip 

j <_> J ^.iil ol _j-Jl oh J— ^ Oy^ 5 <-» J*~* J— ^ Paraventricular 

Oh 1~-* v^' J-“J '-*~i Supraoptic hypophyseal tract ^ j <w«3' 

J^j . Paraventricular - hypophyseal tract ^ j 1 ^-' *'>!' 

O 5 ^ Jr* U^LL; j^'j Oh- ji j j^' t ^- j- y* 4-JU<* y <_-.>UlT o>l jj-Sll «JLa 

a Ljkjl ji\ <J ' ■» ^ y>J 

. j Ia £ i ^jTU— » ^JliJb k ^ s \ j l o>\ ^ .«;7 


r 0 



AjJJtJl ILibUl OU y jk 


. 4j-Li5l ij>l>»jjl oU y jt* otllp'sJ. 4 j j]S ‘ ^llil (J jA>f\ (Jj oULJl ^Joji 

L^S" y Ljo * '■*» -~ ^li oli y 0^-^H ^1— cil <Jj-A— 3-1 i^JJ j 0>L» jlxa v ^j y jj IJXk£- Jjilj 
oi- yJl Uylyti jy ii yu ,j 3u*l>- 5-^jkt y siJJ.il li Structurally related 

3jyltj ( 1 1/2 in blood in min) s_LijjL f-xJi j j-** 1 ' 1 3 -■ ya * «jL* ImJ IftC 
. oLJ y yU viii; y Oyy* JT y <3 SjUioil *-y V* y^V' j (Molecular weight ) 

Comments on structure^Va-^Jl oUi>-M< Jjj 3-' aiii oL. aN/t» 

jf A^iL-lJL* 1 0 (OL iilt ) y ^)b '^Ji yy *oi JLy ^1> 0^ jj-iJ 0^ tlA J jjj 

0y>' S-^l — c. J TSH , FSH , LH oU y* c* U~ U»JUi-l j&Lj UO 

( J3 Uj ) Su^- jil :>-l 3 Adenylate cyclase 31 yyl A-yj *33-1 3-i3 y iU3l ^yU- 
Immunological determinate 0 y yJJ ^Ldl 2 >j_ 3I y*; i$Ji Li" . y«3t y y yU JbLiJl 
. «U a yLdl b'^Ui-1 ^1 p ye-n-A^U J»Jii»3l . y ysJi J} *<• *ll tj3p 



Hormone 

<1.7 in 
blood 
(min) 

Molecular weight 
(K - 1000) 

Comment* on structure 

CH 

1 

Structurally 

30 

21. 5K (191 amino acids tn human) 

Single chain; 2 S-5 bonds 

PRL 

\ 

relited 

— 

23K (199 amino aads in ovine) 

Single chair; 3 5-5 bonds 

TSH 


i 

30 

28. 3K (211 amino acids in human) 

Glycoprotein: 165 carbohydrate. 2 subunits (o-p|)* 

FSH 

1 

I 

(Structurally ' 
CTHl^ 

240 

34K (210 ammo acids in human) 

16% carbohydrate. 2 subunits (a-Pj)*; contains S-S bonds 

LH ) 



30 

28. 5K (204 amino adds in human) 

15.5% carbohydrate, 2 subunits (a-Pj)*. contains S-S bonds 

ACTH 
MSH | 

| 

i 

) Structurally 
| related 

15 

-s 

4.5K (39 amino adds in human) 
— (13 airuno adds in human) 
3K (22 amino adds in human) 

Open chain: homology with fi-LPH and MSH 

Linear change: heptapeptide common to o- and P-M5H. 

ACTH. p-LPH, and t-LPH 

P-LPH 1 

-c 

9.5K (91 amino adds in human) 

Open chain: P-LPH is precursor of p-endorphin. enkephalins 
(ACTH * P-LPH encoded by same mRNA) 





oljJUlj *~S jJI 0 ojLo£.\ pjS ijji U-ij 
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Growth Hormone (GH) . Somatotropin , 

Somatic Atimulating Hormone (STH): 

. L^»( Lix^- \ ^ \ *— *s , “ T \ o * * 01— <3 jsM 0 j^i 

0 1^4 X ■>" 4j • A fl«0 ^ a3 j*jS\ 1 ^. A «i~3 > ^A-Ln > ^ 

iJ — L- j — S y j s-J j°'j • Prolactin 

• ^ (jird (2 S - S ) J *”* ./*-* 
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.Gln^ 

Phe Leu 

Arg Ser 

Val 

Phe 

Ala 
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Ser 

Leu 

Val 

Tyr 

Gly Ala 

Ser 
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Ser 

Asp Val 
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Glu 
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Pro 
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Uu 

All 
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130 

Leu 

V*1 

Tyr 

Gly 
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CUGC CCGGGUGGCA UCCCUGUGACCCCUCCC 


CAGUGCOJCUCCUGCCC 


0 j4 jA mRNA i)' o'jljj-IS* j 



j {j* i tyj • ^y* j* {j* * jy**~* oJjJs- yy& ^ ASij 

Ojj V • • • 1 \ • • • j^«i— iLc. £)^— <* jji T • • • • ^ijjJrl Oj^Jt vz-»li 
ijj-^ai 1 ft-Lij . t*\ TT ,j-» £-»\ ^-lp 4-*~..»ty i--»LJt} 

Jsl—Xlil l_A { jmA <it ^*all |^!wJ (j <l*LiJ vL— ^ ^ujail 0 j ^ 0 {j* *jj**^S 

ftjj—oJl ftj-Jk ^j_iij . *..^*^ Oj— * L^-Lo^ 0^-^J l-» oaLP jJlj JvJ l) AjL^JlI 

, jl 4 jJLaM Oii -jil 0 ^ yA 4>4^ ^ ^ O ^1 *>• J ^4 yLI ^ 

l_jjr ^IjLgVT ■ «! (j} 0^* j ^ £T C ^~ J 

Recombinate DNA Technology' «L—1' j DNA ( _ r i_4J-l j-i y& *i\s-\ 

JLlP 4«tl> ^lp t^y^ ^1*^1 ^ajLIi i_^| 0 y*j^* y * *“ 

G - terminal S-L— 5^* SjLfJl .lp j y+ ^iLli ^Jall ut N - terminal 

£>LS ^j—a l y} 19 -* ,>- % -^ ^y* J* <j ^ • lSj^ S jajL>- j\ oLj ^jP y$» 

j Sulfation 5 -^ *—± <> £ j Somatomidin J ju* L- \rr : ^ Vr-^' 

n ' ^ ' V V ^ ^ *>l JliiJi ^r.j . y*U J DNA J j-l£ j pJ-M 

i-ii-l ^Ja^. ^Jlp !w*Ui oljJlJ ftjir' l-U Oj^o ai y Endopeptidases j'aaaJl c~>lc.y[ ija— l y 
. QLaJL^ f . jd J»LJj! J.u> ia-ij ( in vitro ) sii.\ <--»jU«aJl j 

. 4j1jyljj 0 yA jh j\ ji>\ j^Lp • ' J> ^L*! ^*b J 


r^ 




<UUJl jaJ' 0 


























Lj^jU ^ oyj - oijeJu ^ <y 

Clyj» j\ j\ J»u^ Jie- o>l job" Jie- ojJLlll Amenergic neurons j' y^' Vr*^' 

: ^b b* 4.. ya *]' b^bi-1 ^y* p— - jJl <j Oi^J • y*“*^ 
4 ; :t jlJ ^_Jl j Catecholaminergic neurons L-j^^U - 3 

. o-^Vb* ^ (GRH) ^11 Oy-y> j'yl J'** j‘>l 
Lj^bU J-.::,* jJUj J L$k> Seratonergic neurons Oy yl j; — JJ ajyiil b^bU _ y 

y» jl a_^" ^.la : — .7 j (3 - endorphinergic neurons 

. l*bl*J ^ ( TRH ) v j-iU 0^* j\ j\ 

ijJdl j _4 jj-jill Oy y^Ml j Melatonergic neurons Oy y%-JJ 4.. ^* 11 b^U-1 - T 

p— ^ ^J» jljJl J>Lp jljJi ^ Pineal gland hy y~*& 

p 5 » jyd.1 j ^ «Vb* j+JA j 4 — 1 5 — *^dl L-j^i Somatostatin or (GIF) 

4 _*wdL! b!>bU ^ (GH) yJ' J yy j' J[ -**-S ^Js- J*jJ Somatostatinergic neurons 

. Somatotrophs j ^ 


_ 4 . Jail 4 y -bJ^dbj interneurons ija^ jJl i-yudl b^bl-l «JL* J5”" Ja-J y j 

Hypoglycemia {*xJl <y»Li£l J_i>. _ ^jS ^li jWi-l y-p L^ljJb" Jio" 

. yM 

^_1p LJ-— (T) p— »j bj^bJ-l j->£ \ ♦ ’ •.< b-jUM ( Y) t (3 ) p-» j b^bbl «ju>I jlyt y Jij 
io y-dl 5 jjxJl j y«Jl j* Somatotroph J' b-j'yU- yJl 0y^ j'yl J-t*-* 

• ob-;*V' ^ f' y*^y t : ' J' y f ■ y > 4 ^* / f 'y yb r Ji yT 



L*^» Ia^>- y ij ja 1 -b Jjljl 0 ja 

iiljj ^At- J-^j v w— ^ Fat depots bN^L! ^Js- OL ^ j^Jl O^y* jpbLu _ \ 

L-LaJI a JL* J-— VJ Lr.jj Lipolysis 0 y*-dl jNbl Jjb»» i^b j ^ l jA-\ 5-iaoJI 

. Phosphorylation of triglyceride Lipase ol-b j~1M J jtJJl ^yl 5 yL-i 

^ «~«ll *J-»lj_J«i-P A-J^j«.Xll 4_-Pj^/i jJ_Jr ^ Lp 4j^>l. aT. —4 j - - 1 ' b) jA jt> ^Jpbiii _ T 

. SjjjJi J^oj jjf j! Polysaccharide 

(Jj (A) b-J^b>- ^-br ^lp *4^1 .41. ^4 ^wjl (3 ja jA ^jpbij ^?bi jw«J J - T 

* jj~^ ' j^ 9r dl ^-dl _yL r ®^bj (_>Lil Oy bS”” ^JLsL-t y yi L..-.» 

. ONI gy bb J*. J|j ^ j/idl iJu jf Ni 

jl yi C^ Ugd 'j 4ji^llj _bCll b^b jjjrr ^ip ObL»»< j- -II 0 j A ypLij _ J 

»jy-£ Vr^j>^ ^LT ja ^aj . *j ydl SjjjJl j Somatomedins oA^-V* yb* 

. .— L ' b^bM ^jA a-b_lP I _y A ^ .1) ■■>• i_I^bi^P (J} 

I ObjJL> y\j*y~A lj yJl OjA jH 

Growth Hoemone (GH) and Somatomedins (SM) : 

\^*1p ^ 1 b _ . ^ |jb . 4 « .» m> ^- 1 b^U-l t ^^LP tJLPbh^o ^ ^\a b objjij^^ b ^ ■ —■ LI y o 

i'A (SM) gjjJO yb» ^1 p yiiaj J . ^.bl Lfci ^»0l a\ w«»' J ^0LlauA4 a-j ^*) b 

Nonsuppressible Insulin - Like Activities (NSILAs) j ). <jbil J?bJl o»ii 3^il jA- 

: o ^A<A^j . Insulin - Like Growth Factors (IGFs) ^bAl ^Jl y\y* 

SM + NSILAs = IGFs 
_ 4jJ — ill v*UJI j somatotroph J' b ^ a jiyi a*j _ ^_*Jl Ja_j ^ j 


£t 



. -U oJUb ^jA OjUjJL> 'jj\j> ^...1' jl ji\ lu.«<i ^1 p * 1 ; a*- — f. 

I 0 jA j* JaLiJj jl ^*il 



receptor 


Protein X-(P ] 


Protein X 


Tyrosine kinase 









(A , B and C ) jJl* j— J1 ^ Oj^J c^lJl - Ol— <jj 

<Lj.l£} 1 U-U jlJb^ AlJ;.>f. _ * jl yl -u, . ij* <^Jdl IGF 1 J-Uli SM - C Jl -oIAjj 
^ Ji t£-iMj Tyrosine Kinase ?ij\ *t~* Jl dlli tS* J-» 

(Protein X ) (J >* — Jj us — Cr* us — *■* £_ j— ^ ® wr i~> ^j-x^- j& jJu vi— J-ii-Jil UL* 
j-i ajU*i— 1 Jl <JL*i ( Protein X - P ) <^S y Oj_£i>j Jl — dl J_~~. .^U 

. j-iL* jf j-iL> jj^kj L*t Growth response 
L_j^>- j*— ~J?-1 J} l^^-l ,j> <^jl^-l tLiilL J»Lr j^|l ^jA ((SM) -H Id* 

£j-a Xjtjfci-j tL^P b^k^j plknil ijjla.fc.lll b^ti-lj ^aJlII ^u..~ ' . l l b^ty- Jl» JL^ll 

j . jJ Qj^La: * ^jp (SM) -11 c/>Li: — • Lf^pl ^Js- JLwjj b^AjU 

O^fl [ AJjyu b^ljkl ^ * 1 1 1 ^1 p CjLj»L j j>L* j . J I .kty^l 

^jj jjjwll T jj'l 4 ..:~ oU, , » (1) j^lT jjj aJj*- 1 j a^j«L.4*A ' 1 0>1jjjU <i->jJL^* Jl 

. (IGF) -1' Jr.4i.~ r . IkJ ^j. jj^o oi (^IlljTyrosine Kinase jb^T 
. ( IGF 1 ) Up jUkj U jMj (SM - C ) Jl iSj* d Vr>^ ^ JL UJ, 


10 


15 


H-Giy-Pro-Glii-Thr-Leu-Cys-Gly-Ma-Glu-Leu-Val -Asp-Ala -Leu-Gln- 


| 20 25 30 

Phe-Val-Cys-Gly-Asp-Arg-Gly-Phe-Tyr-Phe-Asn-Lys-Pro-Thr-Gly- 


35 40 45 

Tyr-Gly-Ser-Ser-Ser-Arg-Arg-Ala-Pro-Gln-Thr-Gly-Ile-Val-Asp- 


50 


55 


60 


Glu-Cys-Cys-Phe-Arg-Ser-Cys-Asp-Leu-Arg-Arg-Leu-Glu-Met-Tyr- 


65 


70 


Cys-Ala-Pro-Leu-Lys-Pro-Ala-Lys-Ser-Ala-OH 


11 



SM -C J'j O^o— ir* v/ j ux J ^ •& $ $ ^V“* 

• l/^ O^ «liP 4-ijbJ <J)y~* ^Aj 

■>Lr ot .A-««.wj * — i^i (IGF ) -Jlj 0^ j— -’V' or 4 JS" On j^^ll <^LxiJl l-i> A^sjj 


Oj»ii jj| J - *" j\J J «, — ,>^/\ Ol ■ * > 


J_» L*5 . «Jj-i 


v*- o^ c 2 ^ 


. (IGF) -II J^-~-.f. « jo^l 


j; — ill j*— -iaJj Oj-^ j* Oi — ar ’ — •*-*’ • j- 1 — *Jl 5 — -i jjjl Oj-^ 0^ j*l — nj 

• j -^l Oj-* j* ^j-ij^^i (_/ 9 l—^'l (mRNA) i£jj ^ I < _ / g *>~l orf j^> 

djJUui >^!jb ^JJ-lj 4-jjwill 0^* O' 31 J-~** 42^-t^-l oaOOjjJl of 
.L-^i4 j£o ku>\>- <JL j^jI O^yf; ^Ij^' ( mRNA) d- 5 -*- 4 «ljj 


: jaJI q ** jk £ jmJi olj^Jfdl 

3 — >r j $i 1| — -;^~ |»i ■ - j »l (3 4 j ^>- 1 vi>l-Lfc*Jl i^ytP 0-lj»tP (J^IjvjIj 0 y* 

0 j — ^.ui j oLiOjjJI ^JlJLiil ( J-i*iJl oIOap ^JLp L*S"" . ^»Ji*Ji ip^. j 

► 4-ftli>«Jkl ^ — j-1 ^1^*** ^lpj iO*A*il yt lJUJ 0»l jJ^Jkyt ^^Jl J 

(3 0^— 4 I '“t-A jl jj& ytt 0 ) Of J — *r J »i <1 * t ^_*iaxil , |_^-|LI ^JLp •jfr’f 4 y L»f 

4_lp jj-*i I— 4 j*j Oji Ol^i-I ^v»aJ ^*Ja*Jl i^0aJ» ^~.»> O' ^S^"' «0>“ Or* ol>ijl 

iUai-Ai flia*Jl Jii JJ j-Jl jU^Tl JJ _ o jl^ ojbj Lllj ( Dwarfism ) (*>sJl j» y. 
Ii>[ L>f . (Gigantism ) S-lUxil je> jJt. *-& jv_*j L_4 yhj 5 <>- j-b ^Ui*il ai* ^ Jjb j Ji _ 
3 4 ft l^. « il ^>Ui> O^i ( ^l—ll O'^s^l 3 ) O- 4 "*^' Jl**^*i -l*j «jl jif 3 0-jJL»- 

ijj*j-£‘ 4 -* p j?-*i I- 4 t * ■“ •M o^l — ^ U^-J ^ ^^/l ji ibji vl~^> 5JU-I t>Xjt> 

. ( Acromegaly ) 3' jf u>l ^S/' ol>o» 


io 



JL alt ^ ■» jfl 3 i 1-LiiM ..!,» C- ^Lc- ill O y* jf* U 1 ** - ^jA L*f j 

£-* jjvjjJl { j-ij^j £j-a j*— «A-l> ie-Ual-^l *-i-P <J>! f^J~Z ^y £j**~ Of 

3 ^j— a^“' W s_ — ^ J-* ,^»»-j^j Olj~» t ^-Xll <j 4-^*S|l tj ^y^Liatf-l 

< ; » ^ * 3 ®^W j £-* f **-i^ 3 ®^Wj Ji ^•*-11 0 yy y 1 * ’ • 4-31-4*11 oUl 

' * ' .. ; . (jJJ-l c— frL-S^-^/l J y>- ) 4. ;.« < (Jial — l> ,3 *>-*-—• jj <L>jJ&-j ol-I--J yA — i jjiil 

\~* 5 "" . ^ ..^ OjjO£- ij^-p^\ £ — ' <Jjjy~- 1 * . *T <15 Jt o IJL a SiL j 

. (J J~t\ 3 4-j jIlJJ VaT jljJJ J 3 • j^-l 4-iAJlM 'jZ.rn* 

4 — ®^IjJ k ^P’ -XpL--# . p — _^*3l 

L,|J' *0t ^4_- « ** > <U4^ ^jfXA) J 

*J« ^ ^ U ^ ^iiij 1 ^^>L«AT /^> j^lll 0 J* j?* 

oUj £-A 5 ^ <M dLjjfljl ^ ^ Jl^Jl <L*-j.$ ^«jj! 0 ^ -b ^£ J . 4j 

• W ji> <y- u J'>f 


jj-f* Jl O'y-ii' 3 4 -^- cp>i 0 ^j~ : V' Oj--> J** -r *^ 1 

^y» AjLrfs'^l 3 i O '*^-4^ Kj^~ Lfc^ . 3_y-il sJ^J* 

• cr LJ -^ J ~^ ^ jj-^ c >-^' jj* J J^*-^ 

J*i i»j-al 2 -^-i LfT Ifi 3i ^ >'- A J r^''^ Jj^ j'^r*^i (Ji JJ* ^ 3 j ' ^j*ij 

. S^l^xiJl o Jjt]l o>\.,i?l->»;.^,f. ^yLxJU 0 j> j* 


^LjtJj'y A__?n^Z; J £ t/* (,>X» rt-.tJ ( ^ c ' jjl j»*3l 0 y* jMj 

ol^^l \a.]aa\\j v_->^L^Jl 3 0 y* j ■* j\ j*\ v_^j»*Ls<aj liU»j . 3 U^J****^ 

£?*■ ^ Jj-J' J*j-> jj4* ■**-*& of 3 My- M fj ^- ^ u^y- 

J*i y y^\ C>y*yj Cn) j^t* 0 j^-j- (Acromegaly )0i jf <5 Up 

^ ;^\ ^-f-aj L*%J . <JUa)l ^—3-1 <s!*-jl ilx.1 jJij U-fl4 J^i . 

(1)^-5 p 4-1 3 4-5^1*^ y*A-* j*-»f jj — r O 0 _^i 3 *^^ *^*i Ua-iu 


n 



. ^ J) Ua-U 0^-* j* 

<p\-*m Ojy ■~ g ~j £-> jSM <^*i> j y£ j * j>r j* «_Ai^j 

L-«J.j tjj JJJ >w.. n^dll ' £«— wl) 0^-iLy* ( JS^S/I -U{ <J$ >l ^ -»"* 4 j4^» f »ij* . 

. JJJt C u( J l fi . ly 5JtJl JJ OJ-T y Orji 

; j*Jl O ytjlk ji-Xii iijo 

'. L» 1 j '-* Ji -Li 0 y* l*ia y-XiJ »j ^ J° 3-lP -i-^y 

If! jj .sta^}-* frLUkJl Oy»^l J yL>%j:. l^j jj CL-J <*w»U Jl o* jiii' yi*- 

. L*jj T « ! \ o { yo L» £- jlyJaX»-L*j 

a-li ^yS i-l <~A*y j*-> Oy* <J yU^. IasJLP Ob-iM U^~ ~ ^ 

Ia ji viJU-ij i£ jd 0 y» yA»“ ^ L»y \ T I \ • 

. y«jJl 0 y* <J _jb>«JC. Lj-U?- Jmj < t Aj/&\ 0^ Ojj a^U J _ Y' 

Prolactin Hormone (PRL ) : opT^jjJt ~ t 

\ ^ ^ y-> Oy-^O vi — Y T • » (j Oja ^ 0 jj^ aW 

* ^ ***^’ O C — -»^S*** ^ *i^*' ^ 4 mmJ^ »4m5 a^LmJ 


The 

Pro 

Val 

„ r~ 
Cys 

Pro 

Asn Gly 

Pro 

Gly 

~ - i 

Asp Cys 

Gin 

Val 

Ser 

Leu 

Arg 

Asp 

Leu 

Phe 

Aap 

Arg 

Ala 

Val Met 

Val 

Ser 

Bis 

Tyr 

lie 

Eis 

Asn 

Leu 

Ser 

Ser 

Glu 

net 

Phe 

Asn 

Glu 

Phe Asp 

Lys 

Arg 

Tyr 

Ala 

Gin 

Gly 

Lys 

Gly 

Phe 

lie 

Thr 

Met 

Ala 

Leu 

Asn 

Ser Cys 

Bis 

Thr 

Ser 

Ser 

Leu 

Pro 

Thr 

Pro 

Glu 

Asp 

Lys 

Glu 

Gin 

Ala 

Gin 

Gln/Thc 

ais 

Bis 

Glu 

Val 

Leu 

Net 

Ser 

Leu 

He 

Leu 

Gly 

Leu 

Leu 

Arg 

Ser 

/ 

Trp Asn 
/ 

Val Pro 

Jlsp 

Pro 

Leu 

Tyr 

Bis 

Leu 

Val 

Thr 

Glu 

Val 

Arg Gly 

net 

Lys Gly 

Asp 

Ala 

He 

Leu 

Ser 

Arg 

Ala 

lie 

Glu 

lie 

Glu 

Glu 

Glu 

Asn 

/ 

Lys Arg Leu 

Leu 

Glu 

Gly Ret 

Glu 

Met 

lie 

Phe 

Gly 

Gin 

Val 

lie 

Pro 

9 

Gly Ala Lys Glu 

Thr 

Glu 

Pro Tyr 

Pro 

Val 

Trp 

Sec 

Gly 

Leu 

Pro 

Ser 

Leu 

Gin 

/ 

Cys 

/ 

The 

Lys Asp Glu 

Asp 

Ala Arg 

Bis 

Ser 

Ala 

Phe 

Tyr 

Asn 

Leu 

Leu 

Bis 

Leu Arg Arg Asp 

Ser 

Ser 

Lys 

lie 

Asp 

Thr 

Tyr 

Leu 

Lys 

Leu 

Leu 

Asn 

Cys 

Arg 

lie lie Tyr 

Asn 

Asn 

Asn 

Cys 
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0 rnRNA J' tey* £cjIgJ <JbM J^-iJ' Jif L*iT" 

: u&'i Jjti 


Met Aso lie Lys Gly Sec Pro Trp Lys Gly Ser Leu Leu Leu Leu Leu Val 
AAAC AUG AAC AUC UCG CCA UGG AAA GGG UCC CUC COG CUG CUG CUG CUG CUG GUG 

1 


Set 

Asn 

Leu 

Leu 

Leu 

Cys 

Gin 

Ser 

Val 

Ala 

Pro 

Leu 

Pro 

lie 

Cys 

Pro 

Gly 

Gly 

UCA 

AAC 

COG 

CUG 

CUG 

UGC 

CAG 

AGC 

GUG 

GCC 

CCC 

UUG 

CCC 

29 

Asp 

AUC 

UGU 

CCC 

GGC 

GGG 

Ala 

Ala 

Arg 

Cys 

Gin 

Val 

Thr 

Leu 

Arg 

Asp 

Leu 

Phe 

Arg 

Ala 

Val 

Val 

Leu 

GCU 

GCC 

CGA 

UGC 

CAG 

39 

GUG 

ACC 

CUU 

CGA 

GAC 

CUG 

UUU 

GAC 

CGC 

GCC 

49 

GUC 

GUC 

CUG 

Ser 

Bis 

Tyr 

lie 

His 

Asn 

Leu 

Ser 

Ser 

Glu 

Met 

Phe 

Ser 

Glu 

Phe 

Asp 

Lys 

Arg 

UCC 

CAC 

DAC 

AUC 

CAU 

AAC 

CUC 

59 

UCC 

UCA 

GAA 

AUG 

ouc 

AGC 

GAA 

UUC 

GAU 

AAA 

60 

CGG 

Tyr 

Thr 

Bis 

Gly 

Arg 

Gly 

Phe 

lie 

Thr 

Lys 

Ala 

lie 

Asn 

Ser 

Cys 

His 

Thr 

Set 

UAU 

79 

Ser 

ACC 

CAO 

GGC 

CGG 

GGG 

UUC 

AUU 

ACC 

AAG 

GGC 

AUC 

AAC 

AGC 

UGC 

CAC 

ACU 

UCU 

Leu 

Ala 

Thr 

Pro 

Glu 

Asp 

Ly3 

Glu 

Gin 

Ale 

Gin 

Gin 

Met 

Asn 

Gin 

Lys 

Asp 

UCC 

89 

ecu 

GCC 

ACC 

ccc 

GAA 

GAC 

AAG 

GAG 

CAA 

GCC 

90 

CAA 

CAG 

AUG 

AAU 

CAA 

AAA 

GAC 

Phe 

Leu 

Sec 

Leu 

lie 

Val 

Ser 

lie 

Leu 

Arg 

Ser 

Trp 

Asn 

Glu 

Pro 

Leu 

Tyr 

nis 

UUU 

CUG 

AGC 

109 

CUG 

AOA 

GUC 

AGC 

AUA 

UUG 

CGA 

UCC 

UGG 

AAU 

119 

GAG 

ecu 

CUG 

UAU 

CAU 

Leu 

Val 

Thr 

Glu 

Val 

Arg 

Gly 

Met 

Gin 

Glu 

Ala 

Pro 

Glu 

Ala 

lie 

Leu 

Ser 

Lys 

CUG 

GUC 

ACG 

GAA 

GUA 

123 

CGU 

GGU 

AUG 

CAA 

GAA 

GCC 

CC.G 

GAG 

GCU 

AUC 

130 

CUA 

UCC 

AAA 

Ala 

Val 

Glu 

lie 

Glu 

Glu 

Gin 

Thr 

Lys 

Arg 

Leu 

Leu 

Glu 

Gly 

Met 

Glu 

Leu 

I le 

GCU 

GUA 

GAG 

AUU 

GAG 

GAG 

CAA 

149 

ACC 

AAA 

CGG 

CUU 

CUA 

GAG 

GGC 

AUG 

GAG 

CUG 

156 

AUA 

Val 

Ser 

Gin 

Val 

nis 

Pro 

Glu 

Thr 

Lys 

Glu 

Asn 

Glu 

lie 

Tyr 

Pro 

Val 

Trp 

Ser 

GUC 

AGC 

CAG 

GUU 

CAU 

ecu 

GAA 

ACC 

AAA 

160 

GAA 

AAU 

GAG 

AUC 

UAC 

ecu 

GUC 

UGG 

UCG 

Gly 

Leu 

Pro 

Ser 

Leu 

Gin 

Met 

Ala 

Asp 

Giu 

Glu 

Ser 

Arg 

Leu 

Ser 

Ala 

Tyr 

Tyr 

GGA 

179 

ecu 

CCA 

DCC 

CUG 

CAG 

AUG 

GCU 

GAU 

GAA 

GAG 

190 

UCU 

CGC 

CUU 

UCU 

GCU 

UAU 

UAU 

Asn 

Leu 

Leu 

His 

Cys 

Leu 

Arg 

Arg 

Asp 

Ser 

Bis 

Lys 

Tie 

Asp 

Asn 

Tyr 

Leu 

Lys 

AAC 

CUG 

CUC 

CAC 

UGC 

CUA 

CGC 

AGG 

GAU 

UCA 

CAU 

AAA 

AUC 

GAC 

AAU 

UAU 

CUC 

AAG 


199 199 


Leu Leu Lys Cys Arg lie He His Asn Asn Asn Cys 
CUC COG AAG UGC CGA AUC AUC CAC AAC AAC AAC UGC 


Js-IjlJI j jJl7 His -27 and His - 30 JJ O' ^ oU j* jy^j 

• uiP Vjjs" Cv. 


IA 



JJLill jjJojj yJ. 4jtJL*-l y l?- Oi 

J-**i Jij • 0>Ul c^U-Jjy < 5 -* <J1 

4 —U» o? Vi 5-rf»U- SjLusj jl£JI ( ^1p Secondaiy Growth Hormone tf y \>y y£ 

0>U y y 4_/^j d yJ^j ol— l jOil ^y JLjJbJt £wl_l> c.I.it Jliij IJL* . 0V^ ji** J^" °*^ A 

. ^ yjail jj)euj j£ ^1p oli y *i> ol jyl> ^JbJl £w»jj j 


Insulin. 

epithelial growth factor, 
growth hormone 


Cortisol 


Cortisol. 

Prolactin, 
placental lactogen 





0 

r~p — ' 


- k + 

1 

» 


J 


Secretory cell 


Insulin 


Progesterone, 


4...^L^»Sfl 4 .a.Uall 4_jPj^-l 4-ii-l ^y* ^ j ydi ijyiilb^ti.1 ^j>\ jh>~ Ijj* jj^ojj 

JjSli : OL-iJl 1 JL* j iiU* of li* US' . Stem precursor cell 

j-_3 jjJ* y v»JLW' v^' Proliferative phase t^xip ^ipLJaJ 4 J y 


. differentiative phase 





^ jt Ayullg b^jLl ^_»,— a «i ^ i.fltf’l ■ ilJ l j ji .is fr l i t tt 

j >*<M 1 — P^ Qjly 4 V? «Oyj O-L—A ij^l Jjl" < «1* P | | jlf ^i j> . j-^*T 

^ L-JUVU s_fj> J_>i y*T l J-oJ vi-~>- y»0' jyy*J Epidermal Growth Factor (EGF) 
Oil j-— J^t J*ii v^' bOU-' v-l— O'* Ot^ jj> 1* . Mitogenic stimuli 

^■L^i'VU <JJ» jy U <1 j/o -lj jl 

J-ijj j_» L%S~ (j^JLill Lj^>- jA_?»- ^1p OLLl^< o.sbj ^1 p Cy^'^jy^ (J^*ij 
j Cyclic AMP binding prpteins oLL-^ill ^jW ^jy-oS/b *kJ/' <Sy~** 

4 ■ ojl.aU 5 ^ LzJki oj^" V^ y>— !' 4 . C 4-jy-xll o ^4 ^ , a 1> ^il oJLa o 4 J 

Oi — j> Lj (_£Jl 51^ TSH AjijjHl J\ ji\ 0y*y^ O'-S"" tlj . oj' yyLil' o.ii ^yVlllj 
. f-L_il ^ 0-*^ o 1 *^ Oi^^jjsllj TSH -ll o* j> j*[ J-L*^ 0i* f-H' <j 

qA . -li o>\, ; 1 « »ll S_?-lill Oi ^""V^jyl' jlju^ (3 4^L>i- <—^a! jL»U'^I 0 *J jjdl <1 Li- 01* l-ilj 

. V*Jl 5yUV' 

0 *-* y$l* • Iflll '«L— A j *JJ> 1 J y> ^yLI O^ *L— i-L*ll .HyLj-j * j ^ ^ rl I (lulj 

^y^siT 1 * --*• 0PJL£- t^>L> y* yA jZjtZS O'— ^V^Jyl'o 0^1 y -*- ’ ^ ' b*l lJLA ^ 4 -*La Lj->ljy\J (J^y-Jyy^!^ 

. 0-11' oil y£L* ^Li'l 1 i->^i V 4-lt Vi JJ5-1' 0 y— ' yA v-yLp j 0>H1 •Jo*! 1 ' bOL>-' O 0^* 

4J J .- yJl 4~* y— yj Jh\ S^jyOl o^L^Sl' O 0^“1 jy U *^iji »ill-li AmZij 

^•1 — -L— i \—*£ .4 ,L«. » . l l sjla O' V' • iO—H' '~^'~V , jji L l ^-4 ( mRNA ) 

•O’vll' ^^*1' (mRNA)-!' ,y.S^ J-u> o^Lj J jy! j_^l' j_ii 0^"^jj>!' 

J l - - 4 * 1 ^oil »4 ^ y-i> jyi (_l^-0 C y-01 «;> Jj J-)' I -LA O^" ' j>i oJLpJ 

0*J . ^ y a l l j Oil!' £_1^1 JaJ^' cbll 0 jj^-^rjyl' <Jy~~* !' s-?- 



J : , ■-»> Ji — ^ J — *J-1 *L_^I jjj ^: , ~ o r ^2 — -»/• ^LjtJjl JL ia» . (_£JLill L»^U=- 

i£ j’ - - •* j JbJ. A uJ»L < » L<JjlPj J— k>l J^-l 4_j Lf) JLiP 4 jI ^(1 . JLj JL.-1 

jjUS"^!jjJl dJLp\ ^lp 4jj(U <LtIbJi. JUui^l £jA L£ 0 JjjI— JT JjJ l 

. ^r>lil oU-JjjjJ ( mRNA) *by J>\ k>jjd\ i yY&'*)}\ ^j> j£j y 

OjjU— . 9fjj6\j y j£i 0^ ^P XlTtsit ^ <i^i ^JJaJ li 

4 «2«Ul k2**l ^-ail j^laj (<^JLill J <~JJl iJjiil j^iaj <>\p »JJ*IjoU 

l . JcS^jjy-M jl y JjjJ (JytLjjOM) (PIF) ^;v ' <j Ui»Li>l 

-L* j . jjJl -a..tJ J>lp jl ^it J Jjl* Ljajf yu»£j 4 j..lll ^-l orjjJl 

o 4 r ^ 1 ^ *> jjfl j'yi J* ^ Jl - us*- 0 £>. 

<£*j-t (/•iit 0 j Si ' j&> 'y 4 jt 'yi J.»J-i *u>f y^^j^ j' j * l 

^Lil Jj 4-iJJl i-liJl 1-LJ <il ^1 • ^-Jall b^P- j J l>»- ^1p -kj J £ jlJbl J*-*< Jl 

. ol J-*->-l 4 jL|J iwJ y y*' 0 y * '*'*“ *-J L*JLP ^jvlil 

4_J1jsjLJ LuapJj»J 4j-Li)l <L^»l>«_Jl jl _^1 4 jL^J» Jllll J^«ijl 

. (— ) 0^1*11; <JLotl J ( + ) o^*11j iJtJtl jA j JUi j , lj> i-j»- ^Jl 


0 ^ 




oT 











J-iTj . J&J 

. ^ -il :* J>' |jdM C^li 4..JJ ^ Or ^1 4jtjoU ^ 0 ja jiA Ijjk jy\j ^Uit 

lit t — 4 <I>Nt £>• c . jtj ^1 <»f Vt A^aiil jJbr ^ip OLa1m> jjjil '-^Jj m * j* t-»^* 

JpLi; <;t Jt i jJj~j . Adenylate cyclase -it iv - : ~ ^ Sj-iiil ocTVjjJU 0^ 

^ya »^-t ^j-i liJLlJ C->Lj yJ laj .V.7 <L> Lj^ji-I j J »*■ ^Lp aJ^LaI—* ^ jjdt 

1 — •* ij - - t jij 1 ^ il ■ C/4il ‘—•’I ■ *i’ jji jjpbM (mRNA ) -It <yjy)l 

Casin , Alfa lactalbumen and Beta lactaglobulin Oi> j* 


Milk proteins secreted (c»*ein. 
a- lect albumin. /Mactoglobulin) 



Mammotrope <Jt l o jyJ it L.>U-! ^ j^Ju ooTV jjJl 0L» aUUpt o^t :y-oj 
■l 3 -?; * 1 <J*t-Pj (PRF) O^" N jj>-ll jl y-it ja_j Lsit t~. *■ i-jOplill Oy*l>i_jL oa j?* 

Ji Dopamine (DA) oykjuJL \~S J (PIF) ia^lt J>U -iaJy j (PIF) jj>il 




£— ■ • (PRF) j' j*\ j' J\ fj*i s -*r > " btf ^ 

ji^—J ll ^JLp — l—illai 0^ bL^j — (TRH) <— JjOU 4—jiil 0 j— *j^ j' y*[ 

c-U ^ *;1 L* v_ — £j . 5_jaiil i-^L^JLS Mammotrope <J' j 

(PRF) — Jl j'^r-*! J-i-fc' I^J^U {jA b*i j'yi Ja*> ^lp jyU ,y* 

J' j-il Ql It ;«> Cs^' r jj' j Ojj;^— • *-i*till 4-j^U^J' ^1 p 5 LjjtjjjU ^y> jf 

l_*l . j^j-*[ *» i ^bJlij (PIF) j'yi 

. us^jj^' j' y! ^ ^ j* 15 cs 'kj^ Mammotrope J' ^1 p >jj b yL> 
Oi — I _ .stp^l o>Nb- j - (p - endorphin) Js*jj-b*f '—J' OjSoj 

’ — j-* Oi j' yi ^ opL-j oo*^ Corticotrope J' j ( p- LPH) 

^*'■^1 js-*^ <ii j S jlp i^-oi jyb <^Jii! J jjJ 0 j — * j*> bi Mammotrope -5' 
• ' j' y! Mammotrope J' Negative feedback 

JJ *~ ^ j ^ ' ^itf - — jolill ^Jl tli)( L*' 

jj-j* j J_i‘> £_Il til jOOi ( J-»aj *_^LoaP^/ 3. ■■.?«}' O»l0a-Ji ^ 

o' j^Ji (TRH) — i'j (PRF) — !l Js" j' £i j— <*~iT 0^-b£ C— ^ iobll ^ 

u J>s <if o j . j\ j»^ Mammotrope J' U> jj-b 

(P - Oi» jjOjiLiJlj ( Seratonergic) Cv j >^~ ^ 5 jj-^ *• b»!>UU 11 a 

. jy/ $j\ 5^V j Ji «iUj (/f ji vir^- endorphinergic) 

: C JJ1 jl^lj UUjU ^1 fJidl JUI JSoJ! JiCj 


ol 



SIGHT Of HUMGftY INF AMT— to- 



^ll tiA c-Aj ^ja aJlJLa ^uil (j jt 

3j^*uil 5 jjJlM (j ^ jjvil jl yl Lu l>Juw Pituitary deplition stage iUu-1 5L» y:. 

l_z>li jl ji^|l J>Aju* ^ » t ,.» j > j. apU< 9 jil L* olj«i J JaLJjl 0 ji SJLaj o-> 1> (JjjtC, 

(PEFoy^-ij*^ jf ia.- i , ;i dl ( J>Ip IJu* oJJiii j jjJl 0 jy£- 

•OcTNjjdl j' y[ Jjjw <pU» J t JJUo ^Ji ol yjdl JyU-or Dopamine) 



t-bromo- a ergocrypyine yj Bromociyptine Oi — ’•>. £ yj^ 

( PIF OTtj^’^1 jjy—^ -1* — £■ 01— •** viJ-Jj tj i> b - ; ?* 1 

: jU*ll lii vsO^ OL; Dopamine) 



peptide 


|JL_A ■ -ij . fU_Jl J} a jt-^ y <J a ~** L J JJ*~^ 0 - 5^*" i3 tJLfc 

‘ j-'l j^_iaJ ^ flLj^J ojLiaP^ J lij . ^UaaM JLP jtji L*-UP j\JL*j\ 

^ Jajc— j j . aJ j/JLil i ^5 " J o-*-i j^Ai 1 ^ j-lp j Mastitis ^ 

• j' yi Or* £_jOail y»'y* J'jj 0^*1 

0_J-^* jt w ; ;«< jJ-'l-P • jl— ^ Oy*^-iJ-^^ O' J^-«. ; . * Of* ^ Of <3^ 

5_^U«Jl OjX oj! ^Jl of o~~>- Prolactin Inhibiting Factor (PIF) 

4_JLp v^jL; jiuui .^Ip 4,j ; .^«ll ^ (__f or* ^ Or* y^”"^ 

<uLp j 5. 2_>\>«_J\ iiij^ jlp »yi .j Ov ^"^ ^ y S* y j -^“ • ov^j*^ or* 

<3^ y* Or - ^ *-i*^*^ 0_--p- <,.,.^a«)l jl j* Oy^J*^ O^'i of J 

* O'i*^'^ jjJ' jl j-ij, ^ .ia:7 j ii jL-Jj <i.—~*- ll 4 _-jLM i_~PjS/' 

: JbM J£jOI j UaJa^ Ojj _^a; ^ l» ykj Mammotrope 



Blood 

<jUpj ^ ij 

L*»t . J} i “ > j j j \> ^-lp 0l{ C^^- 

. Testosterone Ojjw- y~3 Ofj* jt j& V"-' ^ j jt* 

ijiiJ Crop milk <JL* ^ ') j*\ s-r-i ^ jot* jjUl j 

J Ojj <J ^liJall 4^*S* jj-* Jbjj <>( 1*5* . Lfcjliutf 

. Antiinsulin effect 0^ jato 0^ jl^JI j iaJoii 

Jl V— 0 V*^ t) O jOj- Jl Vj-^ 1 Jl-aC-'i t£^Ji j 

<-;dl 0j--» ^ ji j-»l ^L*]l ^jlJLiil J-i*> j^Ip (jw^jjjiil joU 

. 1 L* ( TRH) V j*tll 



oY 






— 5_L 5a_Lj apU«» J>\ Jjjj ^Jl j j - i j-*>U A.»..Jall apL> J>\ 

cjNj-mX.j ji ~i\ ^1 — Ji “^j • */ u *^ ti-Uj cL>jA^- 5j-ij 

jl oli y* jt* j> jj>\ ( J — Jul» ^Lp j/Jj ai bf spLj? J}\ jl 4 jL*vi^ sjajal <L*«l><jJi OIp 

• (j** GnRH a^-l iaiU oli y* 

^ O' <¥ -W ^ iib -j <ii (Stress) alprN/i ^ ,» if>J-ij 

. oaill j Corticotroph Jt ,y ACTH , p-LPH , and p - endorphin 

W^>- Oi — ~V j' j* \ jJLj l* { Js- p - endorphin J' 

J_»ii 4^1; jyf)ljyJ\ j\jJ\ <_JL£ ^-JS 0 y-> y* j' j>\ j*o oij . ^ # jjbS Mammotrope -M 

o ^yj* j'yl J- 4 ** 

ell 4_5!fc^l — -Jl £— •“■>. j J (Ja*» j j (*ax- (Jl (N) soJ^-l j 

jyloH ,Jl ja^j <i> til jy~> J-*-"' <i! 4s *‘-^ ^ Ja*> Sabj <il ^ipf 


Factor 

Prolactin 

Growth hormones 

Physiologic 

Sleep 

T I 

t r 

Nursing 

r r r 

N 

Breast stimulation (not postpartum) 

* 

i 

N 

Stress 

t r 

t r 

Hypoglycemia 

T 

r t 

Glucose 

N or l 

i 

Strenuous exercise 

r 

r 

Sexual intercourse (women) 

t 

N 

Pregnancy 

r r r 

N 

Estrogens 

r 

I 

1 Ivpothyroklism 

t 

N 

Pharmacologic 

u-Dopa 

i i 

r f 

Apomorphine 

i i 

r r 

Ergot derivatives 

i i 

r 

Phenothiazines, butyrophenones 

r r 

Nor i 

Thyrotropin-releasing hormone 

t r 

N 

Somatostatin 

N 

A 

Opiates' 1 

r 

r 


oA 





A.-JUI Jr-Z' - if A»— oty £jA Ij^>- J~^ r ifjr^"J 

Of jJL-j j . Cji^~ Jj. ^ *O^Lil—>* ^1 p £*l — 5-lP — aJS^I — JL^il Jt 

A.* a'i -\ <j iij?rj}S Leydge (LH) Jl 1 -vpL~» IjyVJ 

jl> Ur y~**\ j (J *^»ji j^*-** 1 ^ *-'* *^ j ^ 

£-* Ui tfy JJi-^ j Jj* ^ 

j^i\jhii ULft ^ ^fl . Aj ^JlI J*>La; \J 1. 7 ifj ^ -JaLJUlJt Oibjj A*yli> ^Jtp Jjj w w j. ■ «« *i l 

. JLj*- ^ Jj Jj^ ^ C~> t 

A ,«l ^ jl (_}^_J C J P^ A ,.i ^il l_J^?-“ cU ^ o i l ^lp * d Si • ! 

i j^j>J~\ ijij i 1 - 1 — Lf w-i.,P a .aUcJI J ^ ^ ^ c->Iju j aJo— I ji 

aJl^j! J jS aJiP^ a « l^ji ^ . a :.. U ^jlp ^3 ^-1a opIj^ ^jA v^jIju 

: ^}J' $Z J-^» J* *jp yyb 

; ^jL l*-J Ui^y JJ^' j' J-ljtA ^lp a ^ jil jd I j*>t jj d)f ^A; «a T . » i ^JlaJ 'uf 


<J“M Jj_*> '•■jjji'j £j—a \^ ta.ti I a „ , ; 4^1 oli ja j£>\ ( N 

j\ 8_^— * cL-ilf i^JjJl*?- U ~. p A__J^i-l laX^Lil J J* j\ d^** ojl yl 

. *■> >.j..lt J <oLi J>* j\ ji\ (J-bt-* O^ljjJ 4ax-Jj j 

c — ^ jjJl j\ jj\ . /j ; 7 j*_ aj ; jil j (_>-lill ^jA L^L»s»iii oJJtii a jj ^J! a ;; ..-3«J1 T 

aJIiII j^Uiil dJJj -b Jj ^-A- jh {jA AjJLiil A-^l^kjJl ^1 ^j~OJ ^3i d.. -,/^«>l J?\j 

4 — (•Lj* j^J—P jt Olj_ r i-i — la- j»j_*} Aj>x»I/ jl ^il t«A>J ( ^ 

ifJ^\ {ja Ajjk^wJI olfojidl ol» j dJLii <fj*ij • 

. Jd-U fr Lj( ^JL<: l> jAj liJbi ^)\ Oir (IlL> oJJ' jl yl oiij (T 


©A 



: U yJl i»JUtU djAjk\ - T 

3 -Thyroid Stimulating Hormone (TSH) : 

^ T N N Y AT • ■ o-iili <*ill 0^* OJ^ 

l.- .S'' 0 \Xa Ja-Tj^j . aJLjj Y* * ^jJl <] •_ j - ^ > a ji ^Ljj . Lw*t 

8-J — * ^ LH X\j FSH -ll cJ\jja jA (Gn H ) ^juJ3 

b-f» jj £-J-J vl..- ** - ji>\ oXa (^jUsLjj ( t~>j Uil ) j t js»«A»-j ^ 

. Ljlj a J_ p- ,^JLp- ' i‘* <J~^ LfcS^ \ Y' • • » 

b *1 ij '“l ^L») AjjljJLAji iJLP ^Lp> 4 jJLZ«*M 0->b^* ^Al o*~La 

: J,lJl J^LsJl ajj^aj L. ytj jliJI iLJLo Covalently linked 


NH 2 -Phe Pro Asp Gly Glu Phe Thr Met 


HK -Phe Cys lie Pro Thr Glu Tyr Met Met His Val Glu Are 
CHO 

20 

Acyl-Ser Are Gly Pro Leu Are Pro Leu Cys Glu Pro He Asn Ala Thr Leu Ala Ala Gin Lys 

9 28 

Glu Gly Cyi Pro Gly Cys Lys Leu Lys Glu Asn Lyt Tyr Phe Ser Lys Pro Asx Als Pro 

CHO 

14 23 

Lys Glu Cys Ala Tyr Cys Leu Thr lie Asn 

21 30 

Glu Ala Cys Pro Val cys lie Thr Phe Thr 

29 40 

lie Tyr Gin Cys Met Gly Cys Cys Phe Ser Are hi* Tyr Pro Thr Pro Ala Are Ser Lys 
24 43 

Thr Thr Val Cys AJa Gly Tyr Cys Met Thr Arc Ass Val Asx Gly Lys Leu Phe Leu Pro 
31 SO 

Thr Ser lie Cys Ala Gly Tyr Cys Pro Ser Met Lys Are Val Leu Pro Val lie Leu Pro 

CHO 

49 67 

Lys Thr Met Leu Val Pro Lyt Asn lie Thr Ser Glx Ala Thr Cys Cys Val Ala Lys 
44 63 

Lys Tyr Ala Leu Ser Gin Asp Val Cys Thr Tyr Arc Asp Phe Met Tyr Lys Thr Ala Glu 
SI 69 

Pro Pro Met Pro Gin Are Val Cys Thr Tyr His Glu Leu Are Phe Ala Ser Val Are 

CHO 

66 86 

Als Phe Thr Lys Ala Thr Val Net Gly Aan Val Are Val Glx Aan His Thr Glx Cys 
64 83 

lie Pro Gly Cys Pro Are His Val Thr Pro Tyr Phe Ser Tyr Pro Val Ala He Ser Cys 
70 89 

Leu Pro Gly Cys Pro Pro Gly Val Asp Pro Met Val Ser Phe Pro Val Ala Leu Ser Cys 

87 96 

Hit Cys Ser Thr Cys Tyr Tyr His Lys Ser-COOH 
64 103 

Lyt Cys Gly Lys Cys Asx Thr Asx Tyr Ser Asx Cys lie His Glu Ala He Lys Thr Asn 
90 109 

Hit Cys Gly Pro Cys Are Leu Ser Ser Thr Asp Cys Gly Pro Gly Are Thr Glu Pro Leu 

104 113 

Tyr Cys Thr Lys Pro Gin Lys Ser Tyr Het-COOH 
110 120 

Als Cys Asp His Pro Pro Leu Pro Asp He Leu-COOH \ 


LH-0 



• LH -J'j TSH -5' Cf“ Os *r^ Os^v^ v*^ y li> jj~&± j 

l y> UaJ aJs^^O f ySs m L^S'' . Oi-* ^LS"" >_■ ^ J> o>j a>Li»iJI <^JL* Aji^^O 

. Ljj <~S yJl oJL>- ^ll j a. U>SM y'L'^'^/l Jy»-l yiju ^ifUaJ (^X*j till Aj—S^ jJi 5 jl>- ^Jl 

. ^U\ ^-TjJl j olja^ ^ >3l J— !>L- iUjI ^Tof J! CHO Jljs-^. j 
oJaII • jjk jl yl ojIjJj la ; .-:;j ^yj A-ijjJl o-LaII ^1p y.L> ylJ TSH -Jl 0 y yj 

. o-LaI! a_jJaJI 0^1 ,..-a> o*— it (jL*j jolj Ai> ljL?r aL1a.11 oIp ys«Uj . LjJU y jk 

^_1p j-^Ji ft* (3 ^^ J ^ y" (V* S*j-Ol o-1aJ1 l JjbiA .» .Ji.i ^1 p y U)1 IOp j 

<i<L_ji^l ai^j*( O jAj Diiodot>Tosine ->yJl yO* jijj^ y Thyroxine Oi-O'y&O' y 
O— *0-' J-_.jij . Radio active iodine yU-i^l i»L^Jl y ^ yJl JLjcl— ^ o-* yf ^J! 

A_jjjJl a-V_*i) ^ a.U ^ ll Ll .L:ii a_j_LpII]| j AjJa>L>-l aj JaM a-aU*OI l ' jl.^l^r.„f 
^j-jIOaJI ■*. ; ]! <JjtA/* (J y>U>M j AjijjJ! ojjtil ,J J y-J^ <_jl Aj-Lill A»>Ia*JI (Jl .s>»1.A 

o-l—*)l Jsl .-> a_at y yaLjii^l > » .filj . A_j>L>«jil o-L«Jl Q>l --al-ST »».,C. yiO-L-/ Aj»-^P (^JiJl 


j BMR (^opLiil lOiJl J»i»ill J-u> j U»lijii Hypo-pituitirism j O yj a^OoI 
y> _/. <)U- j t*f . Myxoedema Lcs^— 5U.I jf y»bdl Uj j^I y^f yii; ai j o' — 

A-^UvOi Jel — SJ Acromegaly O' p— « j» jyi' ol 

Oajt* ^ ^Uf ^opUJI J;ju0l ^_-aj Hyper - pituitirism Ju 

tJ aM |Jj_aa ^Op jwlJ A^>UnjJi aJLjl)' *)lj 

. Thyroidectomy aJj^' »-Oi' U^* il oU' 


’ •‘N'-a- ^J_)l j TdH Jl Oy j* J> ^LiJjl Ji>-^ AJli — ^-jlaJ O ^Jl 

*-£ ytl a jl >1 y>UiM J r oll J TSH ol y yS J £toji IS U*Odl Upj^l 



ji £*j> U-^ 



<LS jJLil oJLiil n .ia'.7 ^jIp jJU ^ TSH <jl C) j-* jk L» ,h:i ^JuH L* ^ 

^»rji oJLitM oiLj j J o j>*>r j* Ol k-,-£ Aj( 'i/t 

«J_iM JsLU J o j* C->^b»- { j » ^il 1 -L^» <uL^t ")l 4jl -if* j -Lfll» . A-ijjJl Ajjjl JaLij iib j 

IJLa jj-fi 4_Jjall 5j_iil oLaLriuL-j:. jj-li-i N US' Hyper - thyroidism v 

^_Sl J5 Sj J jtil 1 ■». r . - <* -Lip 4^ ^Lp jJ; 

j j~* :;~ jju-jJl J» J*'* r o'* j *■ ^>*3 jJUi ^Ipj • i-Lill (J\ .,sit:.*\ L^-» ^ 

fliLil oU_A .,d> ^ vl. —«•>- viXJi -L_*> h l«i' 4 lyl L* 4 jJL*) 1 4->L>tJl ^y> jji . J #iL« jyU 

. Exophthalamos - producing substance (EPS) Oy^' 



: JLji-Il jaJ AmLI (1) — t 

4 - Follicle - Stimulating Hormone (FSH ) : 

<j 1 Lja>* Y \ • Oj^jj . T i * • • 0 y 0 jjh 

* * • ^JlJI j Oj— • _y^ ._i.ua> Sj*i ^»JLo ^ f 

— *- ■* - jl_Iu^|lj <J} (LH) <jl Oy y <j liM ^ i ^UJl 

4 L^f ,^-o^M iioLA-1 jjyLsil ^ a j\jS\ ^ jLj* 

j (LH) <J^ j LxJt OmT yJl oU_^^)l ^luil ^1 j^. «: t l^z^- jj - * 

wULt ^JLB 4^1^. (TSH) J j UJl *-S jS\ 5o^ jf aJI SjU^I jJL^ Uj . ^yk\ 

. (LH) J»j (FSH) J» jyyi 



oLjs^lj (FSH) Jl Uji Sts^ yh i-A>- jJi (j ^;lij ^UJl 1*5” 

(TSH) J' J— JJ ^ilj Glycoprotein hormones W j£LU-l ^l_;^ _^l jy <ujl L. Ji 












(hCG) J' 


hTSH-0 

pish-0 

bTSH-0 

b.olH-0 

plH-0 

hlH*j3 

hCC-0 

hISH-0 


hTSH-0 

pTSH-fl 

bTSH-0 

b.oLH-0 

*H’0 

hlH-0 

hCG-0 

WSH-0 


hiSH-0 

pT$H-0 

bTSH-0 

b.olH-0 

PIH -/3 

hlH-0 

hCG-fl 

hFSH-0 


hTSH-0 

pISH-0 

bISH-fl 

b. olH-0 

PtH-0 

hlH-0 

hCG-fl 

hfSH-fl 


hTSH-0 
pTSH -0 
bISH-0 
b. olH-0 
PlH-fl 
hlH-fl 
hCG-0 
W$H-0 


bISH-0 

P.OlH-fl 

PlH-0 

hlH-0 

hCG-0 


hCG-0 


W* J‘ (O) (b) (P) jijLil j (LH) J» J (FSH) Jl J 


. Human chononic gonadotropin 


10 20 

p h *— lit — Ihr-GI«-lyr-iMet. Thr.Hii.Val.— )Arq-Arq-GI« — Ala- 

Phe — lit — Ihr-Glu*Iyr-Mel-M«l-Hit-Val — Arq-lyi-Clu — Ala- 

Ph*— Ilf — Ihr-ciu-Tyr-Mft-Mel-Hit-Val — Arq-lyt-Glu — Ala* 

Ser-Arq-Gly-Prp-leu-Arq-Pro-leu-Cyt-GIn-Pro-llf Am-Ala-thr-ieu-Ala-Ala-Glu-lyi-Glu-Ata-CyvPro- 

Arq Atp 

c'* — >rp — Cli Am -Ala-lle Val Gly 

— lAtt-Sen — Glu-Leu-lhr — Ilf — Ilf — Ilf — Glu — Arq- 


JO 40 

Tyr — Ifu — Ilf Atn — Thr — — i — Mfi. ihriArq-Ati-llr- Ati-Gly-lyt-leu-Pr.;- 

lyr — leu — Vfl-Am-Sff — — — Mfl-Thr-r.rq-Ati-Phf-Att-Gly-lyt-leu-Phf 

!yr — Hu — Ilf Atn-thr-tnr-Vat — -Mel-thr-Arq-AM-Val-AM-Gly-lyt-ieu-Phe- 

Val-Cyt-lle- Thr-Phe- Thr -fhr-Ser-Ilf Cyt-Ala-Gly-tyr-Cyt-Pro-Ser -Met-tyi-Arq-Val-leu-Pro-Val-llf 


— 

— 

Val -Ati — 

Thr 

— 

— 

— 

Val -Am — 

Thr 

— — 

Phe 

— 

— Srr-llf -Atn — 

Thn 

1 1 — 


50 




— 

— 

lyi-Tyf-Ala-leu-Ser 

— 

Ati — 

— 

— 

Lyt-Tyr-Ala-leu-Sfr 

— 

Atf — 

— 

— 

Lyt-lyr-Aia-leu-Ser 

— 

Atp — 

Leu* 

Pro 

-Pro Mtl-Pro 

Cl n 

•Arq -Val 

— 

— 

— Val — 

— 

Pro — 

— 

— 

— Val — 

— 

Pro — 

— 

— 

Ala Ifu — 

— 

leu — 



Ala-tyt-Pro-Arq-lle 

— 

lyt-lhr 


— Arq — A la- Ala - 

— — — Ihr — ArqlMftlleu — Gli-Ala-Val- 

— — — Ihr — Thr Gln-Cly-Val- 

— - — — lyr-Thr -Arq-Atp-teu — Tyr-lys -Asp-Pro- 

60 70 

— — — Arq-Atp-Phe- Ilf-Iyr- Aiq-Thr — Gli-llf — 

— — — Arq-Atp-PhfMe!*Tyr-lyt-fhr-Val-Gli*lle — 

— — — Arq-Atp-Phe-Mel-Iyr-lyt-Ihr-Ala-Glu-lle — 
•Cyt-Ihr-tyr-Hn-Glu-leu-Arq-Phe-Ala-Ser-Val -Arq -leu -Pro- 

— — — Arq-Gtu — Ilf — — — Sff — 

— — — Arq-Ati-Val — — Gif — Ilf — — - 

— Am — Arq-Atp-val — — Glu — lie — — — 

— Phft«- Glu — Val -Tyr -Glu -Ihr Val — 


80 90 

— — — Ifu -Hit — (Ala — . Tyri Phe — lyr — — I— — . — , — llyt — — lyt ——Am* 

— — — Hit-Hit — Ihr — lyr - Phf — lyr — — — Ilf — — lyt — — Lyt —At*- 

— — — Arq-Hit — Ihr — lyr- Phf — lyr — — — Ilf — — lyt — — Lyt — Am* 

Gly-Cyi-Prp-Prp-Gly-Vii-Atp-Prp-AArt-Val-Sfr-Phf Pro-w»i-Al*-ieu-5er-Cyt-Hrt-Cyt-Gly*Pro-Cyi-Arq- 
Ihr 

— — — Arq — — — — Val — — — — — — — Arq — — — — 

— Arq — — Am — vji — — tyr-Ata — — — Gin — .Ala -Ifu — Arq- 

— — Ala-Hit-Hit-Ala — Str-lfu-Iyr-Ihr-Iyr — - — — Ihr -Gin — - — — — lyt — Atp- 


100 110 

Ihr-Att-lyr-Str — — Hr -Hit iClg. Ala Ilf i lyt-lhr-At«-lyr — Inr-lyt — GI«-lys-Srr-Tyr-COOH 

Ihr-An-Iyr-Str — — llr-Hit -Cli- Ala- Ur- lyt-lhr -Ati -lyr — Ihr-tyt — Gli-tyi-Str-Iyr-COOH 

Thr-At«-lyr-Sfr — — Ilf-Hit -Glu- Ala- Ilf - lyt-lhr -Atn-lyr — Ihr-lyt — Gln-tyiSer-Tyr-Met-COOH 

ltu*Str-Ser-Ihr-AtP-Cyt-Cly-Pr#-Cly-Arq-lhf ■CI«-Pr»-ifu-Ala<yl-Au-Mit-Pro-Pro-tfU*Pro-Ato-llf 

IA»ql — Thr-Sfr— — — -Cly-Prp-iyt-AtnHiti — — Ihr — — IC!> -Am- S er-lyt-IGIy — -COOH 

lArql— Thr — — — — Gly-Pro-iyt-Atp-Hit — — Ihr — — Atp — Arq-Pht-GIn-Atp-Ser 

Sff -Atp thr -Val -Arq -Gly -ifu -Cly — Str-lyr — Str-Pnt-Cly -Glu-Mrt-IGI* lytICOOH 


Itu-COOH 

leu 

Str-Srr-lyt-Alf-Pro-Pro-Pro-Sfr-ieu-Pro-Sff -Pro-Str -Arq -tiu-Pro-Cly-Pro-Pro-A tf -Thr -Pro-Ilf -leu* 
Pro-Ctn-Ser-itu-Pro-COOH 


M 



: jLety ji J bytjA — d 


5 - Luteinizing hormone (LH) : 

j ^ — * 0^ * - 1 — »- Y A© • « (LH) J' y 0 jj-i' £-L 

^Li> _ L* A>- - A~i*J £jljJ (_j ! ; • ;> > l*A^* Y * £ ^jJLP l_|A (3 ViM) ZjWjjT yj 

Vi J-i ,>-> L* of j~. US' (TSH ) J \ J (hCG) J' J (FSH) J loC^ 

. (hCG) 3^ 3^* Oi-i J t> _^*f Oj^j iJL» jl 

Human corionic gonadotrophin v~Jr) <JLI j y>i jybj 

tUf Trophobiast <-? j. ^ LJiJupV' ^ (hCG) •-> jy*-u ' _,Lo^l «j ^ 

^•-1— a vjli tl US ' j • 0 j ■* a»»i> 3 ^*: * , Ua*' 

j! 0j-< y* t_ — -S ' J £~* — U* o_j» Ji „ c-f VJ (LK) J' 0 'v* *-* U^ y ajLi^ Oj^ 

- (LH) Ji 0^ > Ulf j wty jCsJl Ji> 0 (FSH) 


10 20 
« 2 M-AJa Pro As* Val Glx As* Cys Pro Glx Cys Thr Leu 51* Gl* As* Pro Phe Phe Ser GJx 

21 30 40 

Pro GJy Ala Pro lie Leu Gin Cys Net GJy Cys Cys Phe Ser Are Ala Tyr Pro Thr Pro 


41 SO 60 

Leu Arg Ser Lys Ly# Thr Met Leu Vo i Gin Lys Asn(CHO) Val Thr Ser Cl* Ser Thr Cys Cys 


61 70 80 

V«1 Ala Lys Ser Tyr Asn Arg Val Thr Val Met Gly Gly Phe Lys Val Gl* AsnlCHOl His Thr 


81 90 

Ala Cya His Cys Ser Thr Cys Tyr Tyr Kis Lys Ser-COOH 


• Uj tj £)Ul 3 hi' 3^-^^ 3^- US" 


■\o 



to 20 

H-Ser-Lys-Gln-Pro-Leu-Arg-Pro-Arg-Cys-Arg-Pfo-lle-Asn(CHO)-Ala-Thr-Leu-Ala-Vat-Glu-Lys- 

30 40 

Glu-Gly-Cys-Pro-Val-Cys-)le-Thr-Val-Asn(CHO)-Thr-T>ir-l!e-Cy$-'Ala-Gly-Tvr*Cvs-Pro~Thr- 

50 60 

Met-Thr-Arg-Val-leu-GIn-Gly-Val-Leu-Pro-Ala-Leu-Pro-Glx-Leu-Vat-Cys-Asn-Tyr-Arg- 

70 80 

Asp-Vai-Arg-Phe-Glu-Ser-ile-Arg-Leu-Pro-Gly-Cys-Pro-Arg-Gly-Val-Asn-Pro-Val-Val- 

90 100 

Ser-Tyr-Ala-Vat-Ala-Leu-Ser-Cys-G!n-Cys-Ala-Leu-Cys-Arg-<Arg)-Ser-Thf-Thr-Asp-Cy$- 

1 1 0 120 

Gly-Gly-Pro-Lys-Asp-His-Pro-Leu-Thr-Cys-Asp-Asp-Pro-Arg-Pbe-GIn-Asp-Ser -Ser-Ser- 

130 

Ser(CHO) - Lys-Ala-Pro-Pro-Pro-Ser(CHQ) -teu-Pro-Ser-Pro-Ser(CHO)-Arg-Leu-Pro-Gly-Pro- 

140 145 

Ser(CHO)-Asx-Thr-Pro- lle-Leu-Pro-GIn-OH 


4_*Jii oUy/L (LH) Jl J (FSH) Jj oL'y y y — ; J 1JL* 

oil y yU jjJj J_*i y Jji ta Jiiij Gonadotrophic hormones fGH) 

o U-y- Zondek , Ascheim , Engle and Smith y ^ Y V ^ U 

(_)' <uy oL^Jl (j yajLil ^ 4..- ; j pi aJjJI <jf vJLLL 

(j j y-yl_5~ 4 j ytiii 4 .,.-;»-i OLi ti ^ o»UI yi-l y 4 -^waJI 

oLJ yy^l jwU , gJs- J— 3- ^ U ^-. r h j y Jjl J} 2j yil 3 1 ..ni tTL— jyl j i 

ijl ^ 1»XA * 4 ^t— dJUb (JJ c\— 0 » 1 a 4 —.— 

;»-A ^JLP >tj 4j!jl AiA SjytiJl 


< yA— 4_j Jill 4— xt^Vklil OjU y yb ( yJ Aj t y ^Ia ^ t— U a ^Lp- j iii 

(j~* 3 ./■*"' V* tAy u 4jyliJl 4— «— jJf I tLjaA^s/l jSi lyily lytj 

AU, all 4 .. CjL y yLL ol' y yil ojjfc 4-4— J O^lsr La ^yj . 4— — J4 J-ljtll | JLa lAjob 


Oy yil J— ^ Gonadotrophic hormones (GH) 


>4 aJ iil JaLijJ Af-iH (_$( 4 ; .-;^-l 



. (LH) yu^s/' Jr' j£j cjii 0 y > yllj (FSH) 3., /jj . l l SJu^ajpLl p»J 4 -Jl' 
la ; .-’. Jj <*— -' J J5 *il' <j (FSH) (J 1 Oj—* j* 
j\ jSy Interstitial cells «-waJ-' j 5_juJ' «_jU» (LH) J' Op-*p* Lail j «jyll 
4-*J' 0 p* pit-* o p^* jk\ '*i-> i 'i-Jj (Testosterone) Ojjw- _p~uJl p£" i)l ^~<Jrl 0 p* pi>' 

(ICSH) — » ' jLa^S p*y j Interstitial cells stimulating hormone j *~J' 

p-* pTi)' ^ (ICSH) J' Ok > $ (LH) J1 Opp* J aJ' SjU^ Uj 

'. O' pJ-1 J> pl»V' ' j-iAU <+A\ u->\j y> jk I j\ ji\ J-bt* 

-UP *J' (Jp ^ $ hi' (J} f-Up , j\iu& ^ 1-lsr 4^iaU< IfL* ppil' 

olJ p* pil ®j_p y_T p ^ 6ij±j . j . .»£• 4__j jLLl -Up sjIp ^]jk ^ L»t p**»P ^-"J' p-* 

J -U*> jr' ^ j. Li' p— . -Up ^e-JsJl <i Jjt* ^L- aj p»J' o'pi L>- j J j 

i t ®-X— p L ■ - i » — ^ * j j — 1' 0^—1 ^_i lplj L-J p 4 . t l— jL 

. (JLiii Uju ( ji>\jiJ£'y 1 

. 5_i ysu < ; — v>rl J»LuJ .:Ll p« yi>! p« j\ ji\ <Jj_r> Oj^i L* ojVp j 

O'-* 0^— -j*)!' (j ( ja—J-\ j( C->U'^J-I j ^-iJ' » jp p* JjS/' <j (FSH) J' jj*i '■*~j 
(FSH) J' j' pi', . o pj.uH o -i-p j-> jq->-S/' v_j - aJ l ^ ®jl yl Jj** (LH) J' 

ij-jj&j jS i^ e ’ (LH) J' «J— aJIL' o-Xp j (LH) ti' _)' j*\ j +-' “ ~- i 

^Jlp A. t-'JtA l ^ ■!*>! Ojl ^l)|' 4liJj ^4 ^>^f' iJr' j'pujj 

jpJi '..♦ • ... j : ^li)['j J-S" Oh Oh 0*“** 3' ^ 

iJ j*\*i ^j'i <Jp^' ot tpr- - ij pi' o»U' j .Li (j£p^> uLfcp (FSH) J' Op* p* 



Jp Jaa 4 . ^jA OjjS““ ^i.—tll 0 yA jfr yf jt 4*«*aJ * " * ^Jl 

• (ICSH) Jl Oj> j* j' j»[ uiii-xi <zt^j jbj; j (FSH) Jl Oj> j* j' j*\ -l* ^ 

j JjtJb 5. j ; :I lI (^jli jji! ji ji'y a Jjd! ^ ^27 c oUl ^yuu J i 

-«-■ o __ r >-^Jl oLijty <j L*j! yl U»_aj Lj-> J— L^l j^-y. : — *y»- fl*ll Lr* Oi*-* 3 N[ 

jU>-' J I ^jil jyMJ j i ol ; l j-J-l ^ (J jj-bSVl 0 2a*> Jj. »Jrt a j-lAl OiljuL 

^_u ^ > ^LfcJr^ 4 .. l ap < '^P 4^Uj\ 4-> jjl Oc.L>*^i Bj^ (J JiL« 4 . ; .,.-J»Hj 

. Jj L*s V j 1 ^miJ 6 jyS~ t^,A-b ^ ■* * * 1.^ 7^ '.-I^'Lt yA ^Jbi 2?L*Xj^ j*. JJLft A 

Ax- il- ^ * yA 4 i * M A ,^**e~* yA i 4 4 i 1 4i j ^ * * t i ^ - - i ~. 4 l* ^ J JLj* ^ 

, ^—Lf- 4_~» £ — f L? c j—^lsS 0‘wj w ■’«> JIsjj i J ) ?w* *jl St w5 ‘i’ i 3 Ja_* J^iaj Tr 4 -^ 

3 a j*Ljsj\ e_L.a> o>Jb»S.,«} J li j . J-lAjJ 4 ^lii c^u y jjil Js #JLk ]1 

, LpU^s S_« yi' acws'S/! a pJ 4)LL>L j *1 , y L -^ i ' ! /T*'— 'i JjL*> aioj 

. .7 _j>-i *_>> <i> _* j » • 4.-'U3-' vl^w> 4 i-S LaJjs> »L*.?~- , 5 ‘■m yJ ")! T 

-a w _ v > cr^ j * ■*= \ -*i \j -a- 

oU v* t^' 1 -5 j*L-! > -v^j'J 4_-»U>v3I a.c j jj 5j d-'LtwjT c,-> ;! a^- >> * 

j j - V <* ■ v «/ - -> > '-^ ' — ^ Sr 1 * C._ v 

. 3-— ^OAi) 4-^-Al 

1 •» S' Lx_»rt ,j‘j ^jj.s Li .43 » . ? •-!.) »-L*~ Jju "'j/S i^j'i .4 — T" 

* * S/ ~ S J * - VI' "V ‘ 

OV; jbi jl S^l 4^+L^3j 1 i-A :ti_i . , .jfi £ N/\ 

j ' j <j J -* i <p- * 

j>*- mXj\t -1 S*- L J- f f' * U3,i U— / 4 r ^2j r» -LP *• 

• ;J> - ^-'v • ^ Sr ^ \ i 

i-Udi Owj^ i>> J~^ jy‘- r j> J*^ C# J’^l y>Ui-' cr A~ 

*£-j~a ljI (FSH) J- ^A-4 (LH) Jl l j-s 4_Li> 0 >L_-*X.; t 

l* ' ;> O (FbH) Jl ^ \aS’ ^.g.«..ll 0 j_^ 3^Ja_j! kZa^K^j 

j£ ^-£‘ (FSH) Jl 0 _^~ 4 j* joLr (FSH) Jl (LH) Jl 5 oL*^» jjA^-l j — j jj L-S? 


i«Lft - 


r \ 
y i 

S- 



ftLjapfylj ^ Ojj y -1 — Jjij OU^|l <3 jjL*SH j*— Jr' y j& 1*5^ ^-1 

. J *i3t ^ i lilt 

*- — '.lA oLj JA jM ^—4 J-T JJ-jU ^JjC.U 4| .»il oij ^ yit jl J}\ <JjU> £jLj 

'jrLSjtij-JS j j CyjyW ) 4~~" 

{ Jo-istC>> <_*lp < j».<a; j . <L;Li' 5 j ^*- lii OjjjJl ^ 4j-iill ^1 ^JJiuJ ^)t j 4jjl 

(_ y/» < A l O^rjJu-^l (j^* 4-— -Jr' i-lili 5^-jdl cA> y jk\ j\ j>\ <Joa* 

• t *^" 4>tJ flJUjU d>iik 4 Am1? 

Ja_7>*y ( Vj 3a. ii» ijJLili 4_-4 U^j3I ^JlP <j_^jJr' .1JLA33 i j ■ - 'i 0*li y jM j\ \ y\ yx iL Vj 

OlT 1*5" l* ljJUa> SjjJI c-.-.i oli y jk ' ®JL* y u»>L*i" ^ j \ ^ Y A ^Ip Ascheiin 

(* — **' jlis'j Chorionic cells 4 *., ; .-.* 13 iJjj ^3\ L^i-1 <3 0 j>>£ '-gjf C~J J* J-J y yai 

y+j Chorionic Gonadotrophic Hormone (CGH) yy- ^ V—^ 1 •>-‘>*13 <4' 

c^j*Lp* Cy^ I, d — (j 431 * a « ** 1 \ * • * • • t * cj^ j y 

^lp l^lT ■).%.T.ir ^ A<7F U? ft-lP (_}l * tlaxU 4.U ijju i^->'jU»w3' 

4jlL»> Jjj <j _ J-*^' o'x_— M Jj-j (.j j j 3 a i <^i3l - (CGH) <J' 

|j_A K-fA^ £ ~j . ye- y**\ >-Lju 0 jk\ l J la jy ]i Lu>j . 4A3u jjr <y j^£z C^Lil y>~ 

(J^>- iPL* Y i (Ji (J^ (j 3-Jji Y»»»** Jl \ < • • i y t* Oy jk\ 

i^-*-j ( ^ ^ • • » di t * * y ) j±-*> Oj* JJi j*j l f- y~^ N o j*j jj (xjj y 

(J^-*ll j dy jk\ *-~S j £j, j-^ ytUeZ-l Jl 0>-^ « J - 4 ^»- 

. 5jlx-S' O _^* yay^Z J o y»Ual< «-i> J^jtl^j j 
Jl C)y j* y 5-JLc- oU5" o' — ^ ^ Hart and Cole ,j^ N ^ T • ^\x- ^ j 

5x—3' ^2 L»T . ^ -i*j ^W;.-" -Up <3 jS' j ^JlpI ^3-j ( J>'_ji-' ^ j (FSH) 



• d_^' (3 0_j-* jb>\i (LH) <J^ if j-* <{ '^ r ji J^UO 

[»— id' 0»'VU>“ £^>Lp <j 4-,L.j a: " 4^UJi QA L — Jr' iOiU <]a.l,:l' oU v* J>' J j 

. jP^. l/' <JL*d( oU.;h:H «iil> -•- (Ji C_j y J J*j' _^i' £*u>l «IjJj 

: JaJ-i jP <JLi£U (j^yi 


Biological met hods for pregnencv detection 


I ~ T« m t * , " - > ■ ^ ^Qj jy^-O' J r ^Jj ' 4 .J 

1) Ascheim Zondek test : : (jJj-Ujj 

ft' jaLaO ^U-Orf j 4j •j-'d' (CGH) jJJ O' ,^Lp ' Jlto ■ ■> *7iu 

*J ^ OU : Uu* t^jL-I 1 ^ Ip L7 

, <Cw— ill y ^Lj j& Ixij j^»Lw 

2 ) Friedman's test : : dU*U <JL£S" 

dJL«-* JL a j <*_; OwL-—Jl ^ J"* Cj* ^ Vj 

, - ■ 1 ' t ^lp 0 i 4 -pIaa* £ A 

3) Kupperman’s test : : OL»j^ c i A. S '’ 

t^/CLp' — aa aL_*j a_^xjL* a..K .....) I r jjJ' ftl-Jud' ■ ** -£ yj' ^ial' y**" 

ft'^ — a~j^O , „ a t 0 O— ^*^0' y_ A aaOvJ' ^ ^PLa 1 ) **y JL*j ^3 

0 y* JLi> ^y<S m d _^d' QjLa«j^ J^«j J . ii jjld' ^Jp 

y^a — u*> 5*1 — *-j (3 i J ■ i . C il '0 — to d '-*■ * ■• - “ •'1 £^'-0* -*— • (J^d* 1 j-** 0 } (CGH) d' 

. Lr-iJ-* dj^J 

4) Ho gen’s test : : j -aT ^* cAiS* 

Lal^ oIawaI' Lto y#| a fi-A a -,a oLOj^ ^ y a ■ -^'' 'jto 


1) Ascheim Zondek test : 


2 ) Friedman’s test : 


3) Kupperman’s test : 


^j\Z-&\ .a j^-a* 


4) Hoeen’s test : 


V. 


^ -ot Nl J-'U-I a-u-J' djt i o* «^L- Y t Jjo Xenopus levis -> 

• J J* 

5) Galli Maini’s test : : ^1— * ( 0 

<JJ 4_j C-> t— >1 '— (CGH) tjl ® i J> I>X a o 
tj^Ul ^jJ-l o^L- ij^.j Amphibia oLJU jJl 

j Bovu arenarum ^ y ^-Luail Galli I Jilij o»l y Sjlp sJU-I oJLa <j 

: Jl> £oLwail ^ y\ £\ j\ JUxl- 1 o'i^l oJ 
Bufo marinus , Bufo buvo , Rena pipena , Xenpus laevis 

-"^ 4_«JL* w £" J o^i\j 4 juL>JI -A, 4*1' ■ *~ -*» - - i<*t •! Ijia 

. Uj> yr\ <£■ yj L$i*-b _y~j ibJbM j ^Ol>\ y Jj _L*)\ 


\0J&~A£* (TSH) , (FSH) , (LH) CjM y /> J*bfr 


< Oy^JJ 1 *- ^ '- ■* ^Jl c^ib aJUb Aj Ljlo (2)( ty** -bii 

. L^j k^S y\ 5ju>- yij Liil <-~S jS\ ojl>- yi Two subunits j Cy-^j 

£*JL» y~“ jjH l y • t $••;! L— * Ll~> l«.: ;- > oli y jtA Sj^LJI j l«> LaM CjIwIj- 

(J-^" jr-£ '— e —^' j <-»* i-i-ii* <j 4 _A*aS — L' <uLi-i (TSH) <Jl j* y£, j^J 

U^L, y\ U^U J ( 4_-^U j LJ' ) £-U k^ (TSH) Jl Oyyj (LH) J» J 

. Wul L J *,,nm 4 . 1 l * J& £?* ,.*-* j£^l\ !■» > ♦ L J») J , ^* W | ^** ^ 

^JLp 4JLwfl^-«w* £-• aLLJ j> ^ J * p £tjJ 0 yi \£ Jj L«J\ ^ ;; r ^il 0^ k*a^*a>j 

<1 : .a l .. of . . ^, , 3'> : »-lii js>L*Jj^t ^ Ip a 0 ^ L--5"" jJl aJb»- ^Jl L»J.-i 

. a>- 1 g T-- It q 1 > Jyjil 


v\ 



: Lk.k£ Jtd' 


* fl* a 0; O flj 



Ad*nyitt« cvclaie Adenylate cyclase Adenylate cyclase 

Cell type 1 Cell type 2 Cell type 3 


^k-l ji (HCG) Jl Oy j* tj (j* ^.j ^ ^ J~ ai t>^*' 

Oy dJ-Jij trifluoromethane sulforic acid -J' 

• £>tj* vi-y y Oy y«i jjJI cy-i 

1 j y^y ._f J?l_J 4 ...^ jdl — * ijJjL* o*l* j 

JL_?r j a a\j . 0 y> yAl J. Jj *U-jl OiLL-P (j ^ "t* ^ 

Steroidogenic activity d»UJ (LH) J' j (HCG) J' y of - Ji tiLs'yi; 


vx 



: U£jl jj* SAi *4l Jjsjit - 1 


6 - Adrenocorticotropic hormone (ACTH) : 

t O • • jJrl 4 _i j j ^Lj j . Li-af l T ^ y* y * 4 ^y* Oy* _/^l l*i* Oy^-i 

Caj\ .~7 O^j oLJly-i-l yAiarl OyyM l*i* (J? *~-*S/l ( y»l^*"Sll Vs^ SJ J <— 

Y i Jl Vr 4 ^' -utii* L-y-^Pj . y j *1*^1 Vr*^' jy»l>-SU i-Uil J Iph** 

r Up^t J jLiVi Cr* Jf j - W>‘ - iL-LJ\ j r^ : rt y 

4_>w9jJ L_* y*J Y’V ’ Y d ya ■■- •■?> J <j y-* yAiar^l I aJ— l-»« U 

: 


Ser Tyr-Ser-Mol Glu His Phe-Arg Try-Gly Lys Pro Val Gly Lys Lys Arg Are Pro Val l.ys Val-Tvr-- 
1 2 34 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


fUcji 


Geef ACTH 

The 

Glu 

Lou 

Pro 

Pirn 

Ala 

(NH 2 )GIu 

Ala 

Ser 

Asp 

Glu 

Ala 

Glu 

Gly 

Asp 

Pro -- 


39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

2G 

25 

24 

Pig ACTH 

Phe 

•Glu 

■Leu 

Pro 

Phe 

Ala 

(NH;)GIU 

Ala 

Leu 

Glu 

a. 

tr 

< 

Glu 

Ala 

Gly 

A*-p 

Pro - - 


39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

Sheep ACTH 

Phe 

Glu 

Leu 

Pro 

Phe 

Ala- 

(NH.OGIu 

Ser- 

Ala 

Glu 

Asp 

Asp 

Glu 

Gly 

Ala 

Pin - - 


39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 


Jjj bf (p - Lipo tropin) Oiijyyt^'"-?^ Oya yj (MSH) J' Oyy# \r ^ y ^y y^l l*i* yj 

• “^'j tSi^ C* f-f 1 ' ^ 

<-jj (ACTH) - (P - LPH) -i' (Precursor ) jf j^j J^.j 

Oy (Cys) l _r y*-.-y-3 lj (Trp) Oliyr yJlj (Met) £^£>\jA 0-^W>J 

^ T* \ £Jyll ^-Lf - >y~il ^ «<*S/l yfl » i-l -Llp sJIaO^I SjI-LJI ^Jpy 0^ j^~"j3l i*iA j 

Jl ja-^i jf UyLlI J» jJai-1 l>( . Vr^l ^t=i Ojy.il jLllil i^LJl J> .y]duU 

3 tI*rl*Aji j : l^ jmjJI |(uljj y l^>l»ii«il ^ ^Jlj y7L^*)lj ^Itftlll 


vr 



1.1 . 4 — 'S'\i J Lk5^ (iTlRNA.) 

l jLi'iHj ( Y - MSH) J' *--*>' y L_*( . j£) 3-v*^' J 

jujJ- ^ j 1 4j( Vi . -lai-lj LfJl « ^ Putative signal peptide *»- jiiii 4 j-l^JI 
Nakanishi et al, (1979) y >U; IJla o>L _yLft> o-^*- • ij . sJL* 

. Nature , PP. 278 and 423 : 426 , London yj 
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Putanve 

S*jnoi 

PeptkJo 


7 -MSH 


ACTH 0 - 39 ) 


cr-MSH CUP 
11-13) 110-39) 


tf-LPH ( 42-130 


7-LPH 

(42-100 


(J-Endofphin 
( ( 04 - 134 ) 


/3-MSH Met-Enkepha(in 
(04-100 (104-109) 


(ACTH) j j L_^Yi Linear sequence jLi! JSLii! 

rLi J)}\ d j-’j-ti j hydrolytic cleavage JU-sj^’I jf\J Ji*j . ^Vl 

jl* o -5* J^Liull 4 j j_ii > ^ j 4. u « U 

. -» j — ^ jyJU SiJa'.M JLiP kj-oLi-l 


Vi 


1 5 10 13 15 16 

H.Ser*Tyr*Ser*Met*Glu*Hls-Phe*Arg*TryGly Lys*Pro*Val*Glylys*lys 




a-HSH (Ser may be acetylated In) 


Arg 17 
Arg 18 


nUD 


Common to all species-full biological activity 
0-cell tropin 

/v 


HO*Phe-Glu"Leu-Pro-Phe* Al‘a-Glu*Ala*Ser ’Glu* Asp-Glu* Ala*Gly Asn 
39 35 j \33 30 25 


Pro 19 
Val 20 


-! 30 


Lys 21 
val 22 
Tyr 23 


-dm 




Pro 24 


- fioT) 


/ CLIP 


s/ 

Common to all species 


v/ 

Species differ- 
immunological specificity 


j ■* ((3-MSH) Jl Of* j* 0^0 Jh <j* 

Ji j Y ^ : YY (J-* i; ^* (p -cell tropin) Jt Oj-* j* 0^>o 

llija immunological specificity V j-J' i^bL! j vJOb^l (ACTH) 

^L-b^ACTH) <Jt J? jf J*J Y^ * Y « <y* 

• fT^~^ t / - b>rf 

^ i - jfj *J A . »l^ ji Of* 0 jO -i) ll;t» J L* »i ^Ltf- 1 •»■ * - — ^ ^ 

JwLjT ^Lrj Lr.j L^t lit*- YY ^ yi Corticotropin - inhibiting peptide (CLP) 
: ^bil JSLsJl 5 j^Ofi L* f*>j (ACTH) Jl 0^* / j YA : Y bi^(l ^U'-V 


H-Phe-Acg-Trp-Gly-Lys-Pro-Val-Gly-Gys-Ly s-Arg-Arg-Pro-Val -Lys- 
5 10 IS 

— TS T A T1-— — — T3 


Val-Tyr-Pro-Asn-Gly-Ala-Glu-Asp-Glu-Ser-Ala-Glu-AU-Phe-Pro-L«u-Glu-OH 
20 25 30 

T6 : 


Vo 




rt >t> 4tu > -A -?--'' IjLA ^|j 

<j a , s. ; il i«i> ^Ip j'-®!' y* Aljyi-' a- 1^1 <3y *ap (3 (ACTH) <J' 0 j ■* _y <?*-Iij' 4yj 
a-^j o~>- (genetically obese rates) LH jj ojlJI O' y*il (Pars intermedia) ik— yl' v>UJ' 
(ACTH) J' Oyy» <. 14 ; -u» A>r^li (antiserum) <^ajaJ' J^i' y JpLo yj . yi j~J^' j* yl 

JL IjjiV' aU_P 6 j .*<■ a' a -ill (J y»ykb 4k«»ydl k.j >^>* 4j lj ^UlP^|l ^3' ^OJb br 

yL*-S/' ^LaJ y OySo c 5 -L"j Corticotropin-like Intermediate Lobe Peptide (CLIP) 
ifj — kj (B-Cell Tropin) OyyW 'a> ^ jik.j(ACTH)J' J j H : T > ^ 4 -y^' 
*>*-' j»i Oy y' iii. o' j-Lij. Glucose Induced Insulin (GII) J' j'yi Oy 'i> 

. (ACTH) J' v-fy j YA - YY yJ-' y 
j' j-* 1 )/ *— -l£oi J>yj ®j_p 0 j ■ *.♦ 4 — ^ (ACTH) J' Oy jk y »- j 

4. nA j>~\ 4 fll’a’.ll ^3 ^ »*'** J 4».«l.«.j 4.J. ^L%0' *-A «'> aJ'jJ >A-»r J - *~ 

V dl—L O' Vi aJ^' J y *ap « ydJ Zona reticularis Aypjl ilkd'j Zona fasciculata 
S-i_il' ^Ui ^^Jp jt j Zona glomerulosa s_y «-ikd' ,^Ip Jl; ^ Ji tpy 

^ .„aki» iiLj j» (Ji 2 — p L>»d' c->LaLt..:-.«i:. ^J' y_L*-l <pjd Lj~* Adrenal medulla 

j jy-w> s^ailt v*L*Ji kLu *li oVL- ^-Lojj . Zona fasciculata and Zona reticularis 
. Dwarfism ^yl' y y. jjp LL> <pj' y^' LfblaJ <ii j «JKJ1 J y aJp a yj 

: v’V' y'ySf'jyk Ji (ACTH) J' Oyy yL' ;pjjj 

. a yil' j ywaJ £* 5jx)' J y aJp Jj /»ol' ^j'y a.ib j ( ' 

, l^jli 4 a 1^1' ij y c yj j' yil (Y 

. 4.1vJ' a«AP a i^mJ A^b-*) C^'^*m 11' ct-Al^i (Y* 

dLij (ACTH) J' ji yi « ol'y/y yj Cortisol <Jjy jy^i' Oyy jJp j 



*w-— i Feed - back mechanism &.)* u* 

l ykUiil «JL* J^ n - — lj . (ACTH) J' j \ yif Ji Progene O^jj^ j Insulin 

». — « L* j 4_i53l j j y « jjj ^ ,v* 

lysine - vasopressin J' — > US" Hypothalamic - Pituitary - Adrenal Function Jb 

jJl Pituitary - Adrenal Function Ui>o' jy ojpj vUJ' ^ JSO iljcjdl 
,o^y>Ua j^p <ZjjjA) ^U^L ypj (ACTH) Ji Oj** j* jj^ <U*U*^)1 yp ®y , U 4 fji 

: ~ ?i U* j\p . yL>-L-> i y s ^i '-ii.(ACTH) J> ^>y j* o»jUj 

, \ £ 0 nJ mJ — ' jj>- Oi^jU JL^j) Or^li U*r Jj y^s JvJti r\-p y** j£>\ 

iACTH) —— ^ i* j^yi U^* 1-4 U \ yip jytJ 1 o^iUiul jf joLii <-;i. : ii 
Conicoirophic Releasing Factor (CRF) .y^U ^ j j^yi ji yi J^U- j! J[ 


: b^UJU Jdp dyfl “ V 


7 - Melanocyte - Stimulating Hormone (MSH 
:0* — ^V 4 J a MSH JU a MSH Ji ^ JSO 


I-L 

^suL^tii-i ^Ull (J *-L>rl 



P MSH 

a MSH 

4* *? 5 

y -<£j LmhL>*» 

TV* 

\ O 1 * 


YY 

\r 

U^A‘1 iAP 

O -■■ -* (jL5 iJ? ^ -v* 0 So 

(jU.JUlt J y ^jJU»Ur 

Cj£ )j 3 

U — * *-~r*Sh ^Lii jJUr 

(ACTH) <J> *jiy» j \ XW 



vv 




P - MSH (7 - Lipotropin) OxjJ jv L-S'jJl Jldl jCUl Jit j 

j-* Li ^ p Endorphin 0i». jj-d liJi j Met - Enkephalin J'j (p Meianotropin) 

i^S llj t \ * T e-j^ — ( c**U y jfii L?U*jT oljjJliM ) 0 <ot5”" 

. \ ^AX ob'il iijjj j-i; LolS^fl AJtJadl 4J 



VA 



AI a UjJl Cij&i olUoJl 0-bJL*ii oil y Jl ^y MSH Jl 0 y jAj&uj 

\ t Jl £-* V JjV' |*^- ' * Jl <jUoj . o J> i j— - \S lo( La*~ T T 

j JLJ-I \—jtS" y loot Ljs^ ^ V l y 0^^-*; y* olil^i-l ^ l*( (ACTH) Jl &y J JjVl 
<j L^jT^lo £_<• ^y?l«^-S/l ®-i-* £>l— il ajIoj 0-^“ ( Ol— j'i/l <3 MSH <Jl l^l ij^-^JI 

. JLJI J<o!l £-o* US' (ACTH) Jl Oy j» 



1 2 3 4 r5“l6 W " 8 9 "fd" i’l l" 13114 

riBi i6 i7 

18 

Pig /{ MSH 

Asp Glu Gly Pro |TyrJ Lys jMel-Glu His Phe Afg fiy Glyj Sor 
i,t J 

!Prn| Pio l.vs 

i i 

Asp 


i i i 

1 \2 \ 3 \A 5 f> 7 8 9 10.11 

l 1 

!l2 ! 13 


Pig (t-MSH 

R Ser JTyr] Sflr |Mel Glu His Plir Arg I ry GiyJ 1 ys 

ill • 

JProj-Vnl 

i i 



iii 1 

1 ,’2 ! 3 |4 5 6 7 8 9 10 i 11 

1 1 

\\2 ! 13 M 

. . 39 

Pig ACTH 

Ser- j T yr{ - Ser- j Mel Glu His Phe-Arg- Fiy-GlyJ Lys 

|Proj Vnl Gly 



iii 1 

i i t 1 

1 \ 

. Phc 


l>y» j (ACTH) Jl j (MSH )Jl ^ j£l Jj Jl J*iil ajLo Lu jiJj y 

jt US". aLLl Ulii y ^ *L J. iJi(ACTH) Jl 0 y y Ji-I JbjJ. J»j> o^ O-l^ 

. J-itU-'l j <^p Ji olS" otj ACTH Jl dy Jj—M Js»LiJ! MSH Jl 0 y 
Cr 4 * Cr&.j Pars intermedia «i*— Jl a_*>1>3 y MSH Jl 0 yy j J > j 

fj fi *1 J -t-Url Oj— * J l ;» > J—**^ *»!■ ■ ; i ^ ~ . A) dfl^l O^jJfiJl) |ji ^yj-l J?U<J 

. aoJI OjJiil Ujjli o‘Gl J4 

01 l— *S" . a jl i f » j .; * i ^ -U J— 0 — j^jIj c*^ MSH Jl jl Jl 

U> jl J I JAjc4 Jc- k_— »- jJU \> jvJ} 4j J» Jl J Sjl J-l Ur J-J «. ^Jail Ji> AjljJl olfjiil JmJ 

^^/l ,3— i J» oly jll o j-* J*» Ji; ^Jl oJ * jyl> J^U- diiij (#-o J) 0^* Jl 
•MSH Jl jl ji'y aIo — ^Jl oUkJl AjjJ ^il ( ^L»'i/lj l Jl Jl ^g.y3.»il jl^Jr-l Jl <Lioil 


v^ 



8 - Bita Lipotropin ( ft - LPH ) : j— ~>jj by j* — A 

bJl (p-LPH and y - LPH ) ( LLrt li«j ) L-* Cv.jJ <y Oy jy** 

. ^ y*- Cy*^- (MSH) Ji {j* -Aip *L»w » ^ L^>t Lia>- ^ ^ u¥-JS y^ 

J' <^1 — £y\ J— *■» *$* — — 'y oi-L^- li-A j (Cleavage) Jli-iJ' 


: Jbdi JjjJr' J v y y* c->lT ^ 0 >JL->- Endopiptidases 



C/ajy yr^ j 01^-* 

y - Lipotropin ■J L-U- 

c A : ' yj <y 

P - MSH yr.jy 

e A : i \ yj y 

Met - Enkephalin c-> 

no : pij Ja^\ JA 

« 

6 - Endorphin J? 

<K\ : n\ yj CJ> 


• ~vjy" <J v^*^' ysL^S/' ,Jl!i 

H-Glu-Leu'Thr-6ly-6ln-Arg-Leu-Arg-Gln-Glv- 

5 10 

Asp-Gly-Pro-Asn-Ala-Gly-Ala-Asp-Asp-Gly- 

15 20 

Pro-Gly-Ala-Gln-Ala-Asp-Leu-Gi.u-His-SeR' 

25 30 

Ieu-Leu-Val-Ala-Ala-Glu-Iys-Lys-Asp-Glu- 

35 40 

Gly-Pro-Tyr-Arg-Met-Glu-His-Phe-Arg-Trp- 

45 50 

Gly-Ser-Pro-Pro'Lys-Asp-Lys-Arg-Tyr-Gly- 

55 50 

Gly-Phe-Met-Thr-Ser-Glu-Lys-Ser-Gln-Tmr- 

65 70 

Pro-Leu-Val-Thr-Leu-Phe-Lys-Ash-Ala- 1 le* 

75 80 


!le-Lys-Asn-Ala-Tyr-Lys-Lys-Gly-Glu-OH 

85 89 


A* 














9 - Bita - Endorphin : 


: IsJ' jyjA- 1 


(J-* LjaJ tsij^ (j ^->Li L-J { j^j 

• Oi* Jj^\ Oi 0__^J l/HJ j '-»r^' t^y** tj (3 '■*• * > '| 


5 10 

H-Tyr-Gly-Gly-Phe-Met-Thr-Ser-Glu-Lys**Ser- 


15 20 

Gln-Thr-Pro-Leu-Val-Thr-Leu-Phe-Lys-Asn- 


25 31 

Ala- I le- 1 le-Lys-Asn-Ala-Tyr-Lys-Lys-Gly-Glu-OH 


J_S^ j a— - i*/}/' dji b) l* OVasS/' O' bj^ Nj 

A *> • O'jollli y — J Qj ><ll Ajll^ L fl j' Ll /^P ^4/ ' * *^ 'j ^ 

. \ ^ A Y {{* ;siA\j (oU /y 4ii 
aJLL^ a_*tL)1 iZj\-S" ^l'j 0 _y^' '- 1 j ; a— J sli' AUiii <i>' J} 

(Ji 0 j— * j*j u y.j_y ^1' i..i' ^j-A JjT 0 j-& JL^I Ijla j \_J A_»-lill c -»' — • jl«A' o< ^ . . ■> - 

' — ^ . ( DNA J' cj'-Lj ^JlS^ £> bJ a£LJ» ) A-ji jj o (ACTH) 

0-» AjUtI A_J Jjt]' £j-a JLj-' j * j J j \jla { jy jA jM j' J*\ JSL^- 

fj-ijieu Lc.j 0^ — " * ■* > Csy.j j ^JbJl 0^* Ot cjLj^ '*^ ap • (stress) 

jl^ri (£ \ jjjlJ { J& (j jyU aJ O^sj -ii „/*l A-r^ ^r-L.* 

.JL^)' j _pJr' Jibes’" o'jybi' ^iyu j-ft vl—*- 


A^ 



: 0*3lb- J t=Jt 


-lUwL-IT 3*0*11 L^UJl ja (ACTH) J ' j LJi y j\ j\ o-ioTl JLSl 

(Jjlj L/ (j\_J j* jl y[ y A-i^il <_5y ®op Ojjj L*5"” . <^^ 1 / 01 ysLl y-1 

Oj-^i oJ Ony. yl ^LS"" jl y^ J&w* *^p ^?l oipI jji <J_jy> t)j^± oi ajT ^JLp 

. (ACTH) J' 0 y> j> £-* OJLb j Lijl*i> ^l_yrl jjilili J jy Oi* jj*L*l L?4J 

(ACTH) Jl Oj— ' j* jl ^-**)| 4 -“il yl — Oyy jl yl 

j Oi ->‘ y y»i kl_ J j' af'j* U j*j Corticotropin releasing hormone (CRH) j*— \> ^»jyilj 

. d-i^-lj Ollj j 9 yLO OLnJO l* jj ^5”J L^jljoU A-5vJl$w« 
j *■» oiO> J^J J £ ^U-L) ^yJli-l jl JL_?r j O_o* * j-^ ^ Q; “* 1—1 l-U5^t_Tj 

oij (ACTH) -J'j Ji-i jjOJi LiJl ^ J_f jl yl • -La* (Dexamethasone) OjjlvL-iJoM 
*ll ♦ Ll is «;t) ^y aIIa -1 oJLa j_} ^ ^k«J) is .til j\jb)l 

• Oi* Lr^lj (ACTH) Jl L (mRNA) Jy*"_Jl 


J\ iUkJl i-abtJl Cj\jy>jA j\ J\ Jj »1 j£ 

ik— iy L^L*-ji ^ Pars distalis ^-uLiM c yri oUyyk ^1 ^Jodi ^ 

H\po thalamic releasing hormones . yl-^tf j~±\ La jy; jjl jt yi^/l oU y y j J_*l y- 
jLprl j_* sSyA y jy jJi Neurotransmitters Lw«il o*>liLll yju JaiJ iiUa^L 

j' J-*1 <J C J ^ c/ 1 *^ ti J • ^ 

LaLW-I ^Jl j Mjl y^l ^-L-^b‘^J.1 oUy yk j L*1 j, -js >«jJ ^ii J 4j JLpLil «olJ yk 

0 ^ 1 * 11 ; yj L«^" jlk^j C-k-j-t ^Jl Ayy^aall C-^ibll <j jt Ajjlja.) 9 yl Jb 

. jl y^i *A\ jt k/,-,11 ytull ob J.lyU (+) O^Ull J -M joUl Ob J.lyJl dlB (-) 


AY 



♦ EFFECTS 


- EFFECTS 


PGE|. 6 PGE, 

(limT) 


■ * i gh 1 1 ( ^y 


( HTN ) 

00 

)— — (Neurotensin) 



(apparently GH does not exert a direct negative-feedback 
control on its own release from the somatotroph) 



OjO 

(GnRH 


-0 * f FSH | 


< "he j 

(GnRH 


-0 > 1 LH 1 


a±D 



Controls of GH secretion - - 


Controls of T5H secretion 


( jcrh) 


0 * IP-LPHI 


Controls of ACTH secretion 


Control of FSH secretion 


Control of LH secretion 


Controls of PRL secretion 


Controls of MSH secretion 
1HRF. MIF not In man) 


Control of 0-LPH secretion 


ENK = Enkephalin - DA = Dopamin - MNT = Melatonin 
5 HT = Seratonin - NE = Norepinephrine - MRF = Melanocyte hormone 
releasing factor - MIF = Melanocyte hormone releasing - inhibiting factor 


AT 




( ijjUV' ) Oli jAjtk jtjil 

' *l^P Cjlj yA jh ^ U:li jsjbil <£jLz»*Jkl 4j Jjlil <U>L>«^}1 cUU jA jt* jl ji\ 

• j 0^^ *£ ^ LajI jj\> yxk\ f yu Jl 

Releasing factors Other regulators 

Anterior pituitary ______ ! 

hormone -*---*• - 


Growth hormone 
(GUI 


Thyrotropin-stimulat- 
ing hormone (TSH) 


Adrenocorticotropic 
hormone lACTU) 


GRH (somatocrinin) 


TRH 


CRH 


GIH (somatostatin) 


Insulin 

P-Endorpnin 

Serotonin 

PGE, 

PGEj 

Acetvlchniine (lowers 
GIH) 

Hvpoglycemia (medi- 
ated by nor- 
epinephrine or 
serotonin) 

Histamine (stimulates 
TRH release) 
Norepinephrine 
(stimulates TRH 
release) 

Dopamine (stimulates 
TRH release) 
Serotonin (stimulates 
CRH release) 
Epinephrine 


Melatonin 
Dopamine 
Norepinephrine (re- 
leases GUI) 
Neurotensin (releases 
GIH) 


Serotonin (inhibits 
TRH release) 

GIH (inhibits TRH re- 
lease) 


Melatonin 

GABA' 

Norepinephrine 


Follicle-stimulating 
hormone (FSH) 


Luteinizing hormone 
<LH) 


Prolactin (PRL) 


P-Lipotrnpin (P-LPH) 
and p-endorphin 
Melanocyte-stimulat- 
ing hormone 
(MSH) 


GnRH 


GnRIFf?) 

(dopamine?) 

Melatonin (stimulates 
GnRH release) 

Norepinephrine 
(stimulates GnRH 
release) 

Acetylcholine (stimu- 
lates GnRH 
release) 

Thymosin (stimulates 
GnRH release) 

GnRH 

GnRIF(T) 

Norepinephrine (re- 

Serotonin (may act 


(dopamine?) 

leases GnRH) 
Thymosin (stimulates 
GnRH release) 

on anterior pitui- 
tary) 

TRH(?) 

P1F(?) (dopamine?) 

p-Endorphin 

Suckling (mediated 
* " bv serotonin) 
Hypoglycemia (medi- 
ated by serotonin) 

GABA" 

GIH (inhibits TRH re- 
lease) 

same regulation as for ACTH) 




CRH (same regulation os for ACTH)'' 


M 


" y-Aminobutvric acid. 

h MSH usually is secreted from intermediate pituitary under controls different from CRH 





»Ip jj txl IJLa oU^Lb* i|j! jjl ^ ^nil » ^ <jl ^(1 

»-l-i t ,+iri-* i_» j* £. ol* ^l*il fji -X*J L»jj JbljlJ 4-o>U C-*L» tiJLlJ C~Mj 

. n mi^l i^jlp i * 4 — oLj ^4 ykj ojl c*U^ 4 jM ^1 ^il 

(in |» ■- ajj—jIi) Liiljfr ( in vitro) p £jl>- Oi*'* (* k:l L» UL?-U 

jl l_^_*l cA J »p jlJuJ <^x* ^Lp *>b> ^jiuJ Let ^LJl <J jxM <3 ii ji c^L* ^l*il j( j^p . vivo) 

. 4j JL atil ijA' y» jtk 

<-*JLl jjjllil i^jli (j~* (J - ^" ^JU> XJ * Lit <3l C — aJLi {j* ^Lill lJUb Jj i y j 

l_JjL_lcll J 5 ll bfcj^* ^ Llj^i<« LLilT i_lJUL7 tLc“i <_-JL-JI j^jIiJI i*n>ii (_f 

^y_^- ^*A tLje^Sf^ 1* jJ »-x*j L> LpIh* 1 j 

i-L* ,3 4J ,j 4-l-Pj XJLP 4_J SXUJl j%S*t <5 0_^o b? OlJJl oJLjj IfJLp iSj^ 

j — V ‘.«lp ^JLp ^JLjCj jXj ii..y 4^-ljr^|l 4^-«-btM ^*Jrl jil ^3| \_^Ij L*JllP 

— _ 4iil jfS _ (_£ ^aJLl A SjlLM £•_£• ^ip i jic* ^USM j . <Jl^l l-A> j 3 4-; _ydl iiill) £»r 
,J>-..1:>»1 4*> J*b\ <L->— jli «*<i £j» A) 5-AL*Jl C->1 jXjil J 4-J (J jJlil I_j»llj£- 3 4-bbAl *J ^ilil 

. i_j (LU]I ' jjlp Si jiaj ^JjlII iJLi . -jt^lU.^Ll 




(ijili-i ) OU y J* 

Posterior Pituitary Hormones 


L*Jk y jt* U*l jh y~A-l j S y uiliM 

jl y^ ^JLU jyyli jt : Vasopressin (VP) Oy* yjjUiJ! 0 
Antidiuritic Hormone (ADH) Oly ^ 

O' 0 $ y*? ^’V 1 j j*j ■■ Oxytocin (OT) (T 

• t_jr^ S 

*-~£ uyLll y U> Non peptides t^-uu* y- Oyj'j^ j 

. Same ancestral gene -u4j s o A ^ ^ 

cL_ll f y\ + a: *\ o^LpI «~*u> ^ (VP) <Jl Oy* j A ji * l l ^-"l-^Sll jyl^ll 
<-yLp jlp jJVill IJu . distal tubular kidney «jyl£il ujL-jty J^As- 

y-S”"t p* <d ij*'" ^jJl 4 J J^Jl Jby 0 ^ Ijlp 

jl jjl JjUw 1 a * yLi olpj . <pL<« T i Jl J^Lp i_ jj X i» (JyJl o' ^ Y ® 

y*j ^ j-U- ^-iJl L»j^> 5 j jy"i ^1 p orl^-1 ^Lp 0 y* 

SiLjj *4ull yail j-S" y 5iUj .up ^yxp^/b j Homeostasis ^1-ill u^Ldl 

jj/’l — A>-1 -Up Ldjf (VP) (Jl Oy jP jl jij -bjj J . ^y^yoll SjjjiS' y\+ A\ *\ t (J-X*> 
— j-i—-j L§ ^Ip _ ylVi/lJ y-Al (j O y j ^l 1-ip Ol^* jf £«i» y -i*Jyj • 4lr»«j» jt ^-dl 

i 1 

j js-» (^L» y-SJ Osmpreseptor Sites ^o»\ y. ViJj U»U j\ 

<L.-o«il obl^jJl -UP y Oy yM jl ijLi>)j\ ju wy pill (j olul jj^J^fl <Ss\jS ’ y 

yL^tf y-Al (j y. -wall j5"" y-J oJLa 4j jy^C - ^! ^ JaJ yj. U*lji-i j 


AV 





renin-angiotensin system Ca — Ca — ■i f L - i t. £* Oyjtt 

. <i water balance Oj'yl' p p~ JJ J‘l ~- j ^ «j4* If-JS’j 

J <- — *Li . J-j-iJ jt J-J (OT) Jl jj-» j r*J 

cjy -si e- y,.; .mi L-4^ . ^ 0 J\ 5j Jill ^ j^a 11 jdil djjj J 1 1 jj * 

0 y-j Jl jy~j J l*i ■ J-aJ - ! aj -AiP o^V^ll 4 -L*p J« »j <3 *-tpl .« .» 11 p^- ^ll 
. J-J-l *bJ y ^1 CJ^LjaP Jp (OT) Jl jj-* jyl^ JJjJl 
Cj-^£. sLy (OT) Jl y (VP) Jl j* J& iT>^H Oljytdl ^ C-Ji^l JLilj 
JjjJ jl <j-^£ a-J jl— j'^I (j p-*- _Jl o^—op ^jpUil 4^ (VP) (Jl j_p* ^ 

l_jf ^A1 <^t jl jj\ '_.. .-.< (^J_ll <«Jl . L* Jj- Jl c£-iill jJll 

£_» ^ Ij_a . a :.«.« <_?rl>- ajI?*,;,— j^_jL 1 * ^ ~. ■» JL*-l * j y y jt Ia -tj- J^ -lS”” Jl* 
i ««T yij^A I * j . . £ J )3 JJ-^il Alt t. ~l I y i^Jj t^y , '^Jl J?l— Jl AjLaI Jl^— l 

<jj . ol < ; ; • . :) ! ^^-*-1 Jylyjl\ y* J_T AjUaI — \ Jj*l— 2 Jl jS 1 Zyj 

Jl y-A 4_o»-^Ia 11 olp j^A £-* J l **;;♦ . jy j y y\ C«»lj\Jl7 ^Jnu OiJ il-A*? -laj- _^1 J^liil 

(VP) 


Ji^* ^1 JdU j . <]a. .~.i i^rjJj ^jJl ,3a. i j? yiiij (OT) Jl Oy* j * 0^* ^*^11 

(VP) Jl v— 


Ul ijul^— ii' ^L-i'l ^Jp J^JyyW t^j^jlJl «1— ^^l 

^ — -t— S/1 JS-jlJl j^ j%— P JJ • l^-l^l ’“:»1 (OT) Jl <Ay *y «*--■ ; ~ l i-arllll jol _^*^ll jjA’lt^’l 

. jo**Ul ^ jl^l v^l (OT) -11 jli JjJl jljjl J*«s (VP) Jl > j 
Q»lji i* ; ;ll < Ja XJ yj 1 jyi'vS' S-stflp 5Jl^> (OT) Jl j^ ^Jl SjLi^l jJti: l<f J 
j\j* i J 1 (VP) Jl j( IaS* . ^ _Jl ^. ~ a«l l jlfJ-1 jj-* J?UlJl ob 


AA 



jJ-S* u~ij^ ^ JJ* — (_/3-*j <j - (OT) , -ii l*-~* (ACTH) C)y j* 

<Jpj .ol n..sa\\ aJlJ Lj^IsU cult ( MIH) j (MSH) jl j\ ^UIp 

(OT) Jlj (VP) -M (j* ^ Oy of jt* 

j 4$ P Cr“ e/^J j'yty CA^ 

. Ljxil j ( ^-L»'i/lj j..^ll o>ljL^ili 

<£*■ C^J ^ j (OT) -1' jji 0^ j*»£-j 0^ L» j-ii? <J}^ 

O w . - i S ' ^JLt 0 y* j& IJLi Owb-L»- olj^U L»JLP ^ Ni OVI 

. (j 0 y IJLa jji ^ <jli 

: iLjJl J akiill ( vb*Jl jJl 

4 ; — «S' oUj^JLi j*>t (VP) (OT) jy~ — ^ C)y J A j>I*j 

'^S' 4j L.-. - ij (PitUltrin) { j—iJ>yiS\ j*— ^ ( j,o1j<»:.«1 

Cy~* * al* * {j-* l j ■■* 0_^-j ii—7- j±S orjjJ ^JL*-Sol U^— 5” y j ^LL-Jl 

• L? L5”* <U^Aj jji jj 4 --- 

2 1 

,Tyr -Cys 

3[p S 

4 Gin S 

\ • 

Asn-Cys-Pro-. Leu -GlyNHj 

5 6 7 1 “b j 9 

Oxytocon 


A^ 



2 1 

^Tyr-Cys 

Ehe] s 

l i 

Gin S 

Asn-Cys-Pro- 
5 6 7 


Arg 

Lys 


8 


-Gly*NH 2 

9 


Arg/Lys Vasopressin Jy* y jjl* jy-4 / 


2 1 
^Tyr -Cys 

3 |g S 

4 Gin S 

-GlyNH 2 


Asn-Cys-Pro- Arg 


Arg Vasotocin jtjyjft 


supraoptic \_rOi j (50 mU) '-i* 

(200 mU) ifr'jt jj\* uy-4 I Cry * Paraventricular 

jty v _ — £ j L-»(. 4 jLM 51 ,j (80 mU) \j — *aj <j <j 

. pineal gland *-iy y^ j 6: >y*-j J jA\ yjyjj^ 

j^\ Q>\ i j m *“ ‘ 1 0^ (j — * ^4 l»l_A jj Ljj 

! O yll y. oJLi 4 * 4 . 1 # 


V 




0 ) (*~ * j ca ■ ** * ^ ® J* ^ ^ 

Deaminooxytocin s— ^ y <A -k-^-A vi--^ 0 j— </ ^J-l J»UJi v*^ 

. a*«aJ ^Jj*--^** jty aj ^»>- l Aj^-bJl ^ U?LaJ j. sS^T 

0 j— * y* j (A) j*-ij £-i^' ^JLp j jjt ^ il Leucine (leu) o>— Jlaj— 1 C 

• A js^ Oj^A' «*■ j* Jr^‘ Ji Isileucine (lie) Oi- jJjji^. 3 ^ 

Glutamine (Glu) Oy^A-^ Ja~-J 'A <1®^ j i jji t ^S'/i\ jJJu (T 


.Glutamic acid ( * ) (*-»j £*A' * j* ji\ 

A-jjU-l aJLJLJI ,^le- (A) j»-*j J~*J (Arg) (i 

o jOill c_jI — ^L- l Agr - Vasopressin (A VP) Oy^- j^' 0^* y> 

a_^j ^ -M— A_x-i» < JJju L-* j-*j • (J j-A j^j^V ^>LJl 1 jl 



^.T ^L-f Oy^*>' t/* J 5 " ^ ( r ) (^j 


t 



i J Juc (O 

1 ♦ ** 


Arginine 


U_* SJ jLL. j_ipj . Pineal gland <. ^ ^uaJl 5ai)l j ai ^Jil Vasotocin (AVT) 
£- — • aS"’I Ld .i Oy~o*jj^* J>a>r jV'j J ^V — Oj-> _ <r fj (AVT) j j-* 

(f ) £V^ ^ CHe) ^ W 1 -* e'j^l c) Oij^s— 

£-*A' (A^g) Oi U^i> JT i) Oy^j^ £• '- <L ^ 

jJLuj K^>\>-< Juoj aJL»Li) 1 J a J (j tjbr Jxij (AVT) . (A) pij 

^Ldl <>w >ji U ( jij ji t ~ S'j)l\j ijw^jjL ill Ag w . U all (j* <»^ 

. Arginine vasotocin j; jjjj^ Cnr^j^ ir" jj^ C« (/ail 



Aiplolno motodH 


Cy. T yt Q Qln Aon Cyi Pio © Oty (UHj) 


C»rly Q9ft* duplication 
•ad owfeotltuilon 


Arglntno vnolocln 


Lotor ouboMtullono 


AUU 


AOA 

I 

M**OIOClft AUA 

I I 

Cyo Tyr III Qln Aon Cyo PtoMleJQly (NHj| 


UUll Aifllnim voooproooln 


Oiyiocla 


A^A 

CUA 


C^» O©* 


R*c*nl g«n« duoltc.llon 
•nd *ubtlilullon 


UAU 

I 

uuu 


Ola Aon Cyo PfofArmQty (MH f ) Cyo Tyr lit Qln Aon Cy 




Oly (NMj) 


A^A 

AAA 


I p-v 1 1 • N 

Cy* IPh*J PN* Qln A*n Cy* Pro Arg Q<y (NHj) Cy* Tyr Ph* Qln A*n Cy* Pro/lyuQly (NHj) 


(ji {j & A.;.,r3»>\ ^ jA J* llil OjJLflli Cjl-J-Lilj O' £jA 

xjs- ol j a\a\\ < jo . jo <L>xSz jl» 4_;t Gene duplication ^ipUaiil 

j •*-*"' J J- is* 7 y>’ 1^' vV j £~i j 

j*— -L-Sij . (^> J. . 1 ^ ) 1 0 J IP 

DNA J» ^JLp ^tu j ) J 

. a 3 aUaj-f W J**' Jl js*^ mRNA J'j 





— 1 4 j y ail J} ,jv S ' y 

j_4 v^JLill j Oy&J *-~!jj> oLi' y Neurophysins (Nps) c A;.,~ ijjyJt 

• y ~^ J) O^J— ill *** ^ " jijj i*ll *^“lj ^i^i^ V* » * ^ ./ 

Ol-OOj^' y'* J-*" J^l y-1— 1 JJ- 8 ®-^*J 

4«,l ^r .-It jvj ijwawll 5-^L^jJt ^ yb^/b yJU 4jyt j l $ a .l v - 

. 4j y»>l)l OjjJLjl jj^- 

: Oi ;,»>■..*& jj j*UJ JauiuJl tLy^anJl <L»b*Jt Oli jj< .J^LbJl 

4_j jj^j 4 ...i-jwll Lj^A^-I (j t j'.j 1—4 1 y-» 4. ...,.-a«ll 4 yl>«jjt oli y y» ^JJLxT 

<■!.... -> - l— f*rLj’t yp aJj ? i~ i .t Lj^UM wJ — L Jjl—ji (JyU ^lp yb*^ by->l 

r y _ oJL* (JlaJj’^t 4.1 ».P f Lit _ L$i> 0 y jt* ^ <bOj . 4...,<a»ll 4—>t>«_jt 

0 j — 4 yM y — 4 L_i" y LJ Neurophysin (NP) y—c* jj>^ ^j-*d <-> y>L>- 
(OT - NPI) s~^ y (NPI) {Jb {JL • 4a> 

. (VP - NPII) *--£ y 'j j£~» (NPII) Jl £* Oi*** y J jb*H b«J-j 

(NPI) — M *;! — ^ * \ ^jO ^ b* (NP) -U y»>M Ojyil £j'y*j 

^ y-* CS-jjrt — j 1 Cxr*jijj\*^ o* •**“ Ji (NPII) Jl £4 

^Js- OL*-ty y a*j J (Nps) vuL;—t*jjyJ' • (in vitro) p-^M £ jb* lfi4 

J J — i4 _ ( noncovalantly ) y-*'-— J jJz- bL^l ou o_u^i4 _ 

JjOJU -yi' j (phosphatidylcoline) Oi i £ Ji-V^ yiij (cholesterol) 

(phosphatidylserene) jijt— JiOJLL— yMj (phosphatidylethanolamine)OyN 

• gt^ . (sphiagomylen) - 


a* half life j**>\ .Ju-aJ iyj abjJj 
. AlJi T • : N • Jl jiUa r ^ ^ r ol! ^ (NP) Ju U^Ul OIP 

4_-wa*ll <ijLy (Jl o L-i-1 (NP) -!l ^ 0 iljil Ic.jj 

. f-lll (j jl yl jybll 1-XA JjL Ail 'i/l a! ij^jiil 

(NPs) -1' (_/a*j ££>**■ j Vy*Vl (j^l^Sfl £*b (JUi JSCill (jwj 

T 

I 2 3 4 3 6 7 8 9 10 1 1 12 13 1 4 15 16 1 7 1 8 IB 20 

Ala Mel 5er Aap Leu Clu Leu Arg Gin Cya Leu PRO CVS GLV PRO GLV GLV LVS CLV ARG 


Val Leu Aap Val Thr 

Val Leu Aap Va I Lya 

T) 22- 23 24 25 26 27 28 28 30 51 32 33 34 35 36 37 38 39 40 

Bovine II CVS PHE GLV PRO SER ILE CVS CVS GLV ASP GLU Leu Gly Cya Phe Val G)y Thr Ala Glu 

Porcine III 

Porcine I 

Bovine I 

Porcine It 

41 42 43 44 45 46 47 48 48 50 51 52 53 54 55 56 57 58 59 60 

Bovine II Ala Leu Arf Cya Gin Glu Clu Aan Tyr Leu Pro Ser Pro Cye Gin Ser Gly Gin Lya PRO 

Porcine III 

Porcine I 

Bovine I 

Porcine II 

61 82 63 64 65 66 67 68 89 70 71 72 73 74 75 76 77 78 79 80 

Bovine II CVS GLV SER GLV GLV ARG CVS ALA ALA ALA GLY ILE CYS CVS ASM ASP CLU Ser Cya Val 

Porcine III _ 

Porcine I 

Bovine I Ser Pro Aep Gly Hla 

Porcine II Olu Pro Aap Oly Art 

SI 82 83 84 85 86 87 88 89 90 91 82 83 84 85 “ 


Bovine II 

Thr Glu Pro 

Olu 

Cys Ar( do Gly 

lie 

Vel 

Gly Phe 

Pro Arc Arc 

Val 

Porcine HI 




Ala 

ser 

Leu 

Ala 

Porcine 1 




Ala 

Ser 

Lea 


Bovine 1 

Glu Aap 

Ala 

Aao Pro Glu 

Ala 

Ala 

Ser Leu 








Gin 


Porcine II 

Phe Aao 

Ala 

Aap Pro Glu 

Ala 

Thr . _ 

.Ser Gin 



M 


Bovine II 
Porcine III 
Porcine I 
Bovine I 
P . Ine II 



«JI l -Jt (Bovine ) (NPII) 'j-* ^>bS" f •£• 

jiLkJt \J -kii l~A\ £*\jL\ j ^ yLS\ (NPII) Jl j) gldl U>k*J <f (NPs) 

A_s»-jJ iJi U _A Jb-ir 4-Jl o jLi 1 ) (1 £*bJ 

jt (Bovine) jL_lty ^ (NPII) — M j (NPI) 3 j- JS oh 

. (Borcine) 


: ZytfjJl 4-^btJl OU yk ji jdlj ^ 

J>-b (NP) <* Cr* CAJ & 3 j 

4_J 4_—jak5l Lj^i>-1 ^1— «--»r( £__flj j . {j * Lj^U^l yJ> J-L_£- ^ j-j 

L^lj . Paraventricular nucleus *\ y j L-L-( jijy-S 

4_j^jl» <_> al j-i {J t— «L«1 y ^ ji jjLil) *j *-- - ^iJ 

Vb' JU ilSipty J* ^p-Ij 1> (^ol JJV-di ^ -br^ 4ii ’i/l . Supraoptic nucleus 

^_lp 9 (j ^ ( j-» j 9.3 A..,<3<lll L*>bJ-l y ys* yS\ 

<j ^ • /*’ l— *-Up l— 4-5* J> J5-P sii-Ji 0^ Vi • l jy y j^ 1 ^ ^-L;! 

y (_ii * Vl -~ y* A y . at - Ij^Lp jJj JjO Jf. LkLttl>ij A... o«lt QjI 0 ; .'.tH jLzP^i 

• dJ ^- ^ J 5 " j'yb uij^* r U V 

^L_fl A. i . S~ j Jy* j J jUJl (J y jb> JJ~3J 

J— intemeurons sja — jh <wi*ll UVU-1 5ia— t j U 
j 4ij. <*pr yl 5-~uaxil o Jir ^Jljosmoreceptors o*>Li^-> 

On Or off j( 4-^r y l>l a 4 a *jjj ir'^l ..«.<» dj^Udil oljb— • 


^0 



jJLv ^-SsJT J w J l ifc $ • A— ^*Jl Aj j A»> r^^ s 

^Jji— -t 4^*1^ »Lt i j ^ m^~ A *w2>] l Ajlj^l ^Of J} (jy^^jjl-4)^ 0 yA 

. 4 ; ,,, lM ttJtil Aw*L>*jJl Jj k--ua a!' 4j t^J ^L*NL (j* JUC (^Jl)l iJji-l 


HytioirvAUmut 













.Up 4j Lmj VP- NPH J * i 4-Jt Lfj 

L*r cholinergic receptor J?* :— ll ^ JL (^iii 

^ U.j Osmoreceptor • «A»— ' y. VP - NPI -i' 

L^j ^ ll ^JjJI i i»ll i« ^ l 4jiW i^^ll 

Jl Lf c *^|» oijsTy ^UujV i -^ %>-*•» 
vasopressinergic neuron o*— yjjL«li a j -r Jil b>U_Jl Jl Ji-s; jl o 

tJLA i^_j c««sx]I i j " 1 a^L_J^I aJLfc _L*j 

£l (^ 4jis*j( j C>«aP »“ J j «A5j . <uljl4 VP - NPII 3^ ^ij 

^jTL— Ji v,. . JLl j oi _*»*■ jil baroreceptors ^*tll hij? o^LJLl-w* ^ _^5~ jf \i\^S 

W^-' 4* ^ atrium j— *S/' aortic arch caroted sinus 

VP - a jj—0 ^yjji £- / * Cij—* jl p-*; Oi*^ 4 j .« <aal l 

• v-s^A* J! Aj Q jlj^ n.tjl jJL»r NPII 


Oj—* jM VP - NPII v^" ^A' VP Oy J* J-a-AJ AJai Jjpj 

4__JjM y^.1 lti (^ cl£jth [ Js- aJlJLl-JT. iJjA-l ^Laj J} I j>- 

cA 9 j' y*lj (j jV' C)yy /j . 


W 



J (APH)J J~J> jl ySf ^L-it 0 jf (VP) : Vji 

•(I— 

Arginine vasipressin (AVP) o>- Oy*- jj-dl Ji 
oi j <->\ J (J^->- ^ jyUll I.L* j ( J fiLU Uii ( JJLaj ) J j-il J > yl Ji*yX> y* 
vi^JL>; l ,aX aJUI li«-j L>ll 0 y * * Vr^-^ J} .t P ^Lp 0 y* 

J' 0 j-*y^ dJ-i-u SJU^L . coronary arteries v_—liM j yJ! ^yJLS; 

J_>>I-Ljj . (jv-lii J ^ L;-— { 4 oLi^lj yAJ^. (AVP) 

0 0 y * *■>■■*•;* ^ *_>uUi ^Ji £/• Oy joLla ^il 

(AVP ) Jl jl y^ dJ-Lr iJLaii^ - <j - ^jLj y - y - ^ y^ j' y^ <4-^ 

j {yi^y*^ ^' J jJ yf J £}*Jl y r^ 1 fjs- *oy^ ^jy 5 ^' .o*>Lai~~. ( _ r -2 ; j 
Lj'^UJj (j jJbU (^ y-L-JsJk vlJLii> j Serum tonicity -> ^ yy l* y>^ ^ 
ol jl_M L-f»> aJyj ^Jl 4 _?r jjJi J 1 Osmoreceptor neuron i jy'^U sLii— ii ^a* ! ' 

4 «_J L^jj! ^IL ^Ja*«i ( O ^1 »«1»J IT ^ 4. ; «,fJP 

fj-i' Jj-5'j Vasopressinogenic neurone UU ojyii (*-~£ 

v? — '-^-i <jUu— IS” (VP and its NP) <j 0>* - yjj^ jl j*\t 

AVP - NP Jl ji & barareceptorsiaJuiajl yX\ y Jl oyUall jLi^i 

^ O kiJii ^^Jij AVP-NP jj yi ^;:-* 4 J oMU-1 0 • jiU-ailj 
j^-aali jLfiri j JaiJall ^ (i 0^1 iJlP 

. Adrenergic stimulation Vij^^ AVP-NP j' y'. Vi *■!—»- 

*uJl j L* jj- Jl bb* (VP-NP) -M ^y^-' Ov Oy ji>' y >ujj 


^A 




ijl ■ - ^ Jll tJLJk KJUii Y • I \ • jjl Ljj^r Sj-Lfrllj <J ^.i> «pi #^J 

jj-s^ii <1 rligt^il tubular cells <» jjKjl oLj^I L*> 1>- UtAi-l 

vli-L* frl-i-P ^1 p 4j 4l ? a : .> f . JxJJj pj {j* Oj* 

5 jk -m% ^1p ^il> ojLil ojLip! l£ 4-l^il ^ cAMP -3l 

dJLL' oLj yfi: i ^-pr ^ll J cLll il JjLax OiL-j J ^:~ r ”.J • 4-i£s3l <3 

^Jjl J -- ^fl.flV- viJUi jj 4j jjji \Zs\i \ ^ill pj tli *— 'Ww*^ 

^ • * *'j^ »*^ aJLA JT 4j»wij . Ojjjf - ! UlJu£j ^JkJl L«J> oibjj j*— *Jrl 

4— 1 jLj 3 * V+S* . 4j. «^i*il L^li-I tj^Ldll »^>I^L>><^|1 i_ 

J»LJ ji hypothalamic thrist center ^^1 j ^ 4 ~j Jl ^jS\ 

Uf ( *— >j— iJl ) till JjbJ «^bj ,^ip (J^'i (^dll < J . -4 “ --. C . 

^~o3l oUjjf j 4j^U-l OiUjJb U&1 J^L- oJbi ■■ ^ 1^0 j • p’»— ^r' ^l?l j-* 

{ Jti J ij_J\ ^ L>jl J-L jc* .slijj C-'Ujj'^I ^JULr *»«■*• ^■ ;: -* ^1 bf 

. ^Jlil U «.,?■» f j!oJ&CJ j^llJbj ^j3l ,3 \ -^ *; .»J 
(J^\— 4ilol Jb p-i frill ajIpI Oy* b j £" i 0^ ij^" 0 J 

b^bLl ^JJ; p .-a’.Tj .kidney dis tal tubule o-v*?^ *± oL-jSil idaJLl SJ^Uaii b^A>-l 

cL«il "** ^ 4 ' m ! (IaB 4^3 1x3 1 ojuij Jj^/1 \ c^l 

c — >■ o js^ty tight epithelia -1' ji bS£\ v*^^' b^-b '-^j * pS °r jj j 

(_)j— « 3l ^jmA 4 .ipl./al*' tjU'lj (.US L^JO^LL 4j«l) ^Lp 0 ^ * --^ jjjU 

• 4-Jb* _ ^»r ^lp _ ^ ^ li> (j frill ^Cj . 

Oj-* jM J_*i3 <j*u Lj^l *iUbl ^ jJd-\ frUiiil ^-U 0 j_£jS Small aqueous pores 
j * 4-3 Ip 4-— »l—o- ol^ ^JlSJ li SiLj^b b^l^l oJijkj . 



. fjii j^\ 4~j aldosterone 

p l^w* 'jO-gtJj J_fJL)l ^Llll <j} J- 

JUI lJu j (NEP) (AVP - NP) Ow^jjli & J 5 ' JJ*J f~Jr\ 




Blood pressure elevated 



: ±£S\ ^ j jU)l ol jA 1 : Utf 


. glycognolysis j^-\ yjd 

(VP) -Jl * C^i/l *'* J>P ‘“—^J *"^ r ^J J *** A ^ 0^ 

«_JbU ^.j^uji^ (j f j .. — Si^ji oLijji S^Ljj ^ Cf* ■)£ j' 1 /*ij 

J 1— — »jli \ i y>* ./3 * — IXj jj-^~ a^Ljjj . ^ J-—»U ^Jl ^yg\ (J-^-^ aaLj Jj 

{ j^~*')i ^.-T ^a 5ja. ,*i ^ i.^— *< jjLili js- illil i-L-& £-1/* y£s_j -Oi^" 

J^i i*^j • aifa blocking agent UJl ^->LLi JaLp ^ a ^L p _»* j phentolamine 

4_JjU~- j_. j j£- 'ji J 0 ^s- ijw aJsu»I jt Jl>J! uy*~ 

4_ -jJ .(j%. 4_S Ajilj Jj ( 4->J^Aj A^L-Ulj bjJLi £ _vJj j_) J 4_1>-1 o U l o 

phosphoiylase b kinase -J' Ji J «L.j 

. Lj^Aj»-l aJ — #> fj . — L> ys l ...a* «i O-iLjJ^ £ Jl^i! J~i ^ 

second massenger *£ S3L-, U jC* S^o-Ssil bybU ; Lii. ^1 p ^ jUil 

C^y *-^ — ^ hi * - i .X>*Xaj^ * >^jll ^ip ^ ^ 1. ^3— - . -- ’ 

r (_>i (4-J-* jy aJ b*-t ^ 4j y£- ^ 

• ^ <j ®^<» l '^ ,: - JiJff l y& tlJIj 

u~* 4-i‘V*^' (_? J~~*~ 4>»l ci^ J- 9 " • I—Jajl fjy^ *~ij 

. Pyrovate kinase and Phosphoiylase jiJIj jU-T 

o>^p\_a7 ^ a1L«>j jv-i*j J_lt ) (AMP) J' >Ji Nj 

Phosphatidylinositol —1' *jj* ^Lp v>* jJL* ^jjUii jf jXj j ( ^ o*>Lal-^ 

jf 4 1 ii . 4 V ■■ « j «— a C%—~ jijj^\ U*-^ j* t*l Oj^i (^j)l j^jbii villi . U^>- ,_) 

. .. . l^rjlsA AjJ^jl Ajiii-I Aj’jljt CIaUjjI S.,L*P 




: (ACTH) Jl Oja J k Jy* jjj UJl : lilU 


4_i^C 4jy^< *}oaj JLP Cy^" ^ ' "- J* '*-— * ^^*1' ^y L/'^~ JLa) 

hypothalamic-pi tuitaiy axis yL^tf yH*' y l£ jy Llji j 

Oy^i O' __}-i— ti A-J-Pj . S-j-liji i j_> (ACTH) — 1' Oy*y ^-rr-i <_>[ o-J-i 


y (CRH) j' 0y y iiU'jl ( ACTH) J' j\ y) y^Ul' 

(CRH) J' Oy y 5 t liS^ y Jjjj of J y JL^' 'j-* jj jyMj>jj\jd\ j\j j j£j o' 
j£*i t^Oj'j (AMP) -1' ( ji^ s ° U -'■*-* »pbj y y tjt' (ACTH) -)' Oy y ^ 

>_*-*— t j_A -\ij-ij - 5— jjl (CRH) -1' jyl7 , pLJ 5 j ^> ii)! a 1L~ ^Ji 
j^-Ip J., jy\J .jw y’Oj (CRH) j< y L : JxJy L»-Up 
£-* <lptiJ y M 5JC- y' O-—- (ACTH) -1' Oyy j'yi **-y 

• (CRH) o' 0y*^y ; a * ■ - * J* Aj ^j^L^ - ' a> . Jt .— * 

: y jjUD IS /J) &\j$\d\ : W> 


A—f 


j 


rJl; 






si*i 


amnesia S^'-il' -Ui A oL~Jl Puromycin y-yjjyJ l i_-~.~> « _^"'o)' 

L$J jgj ^1' lii-u aOS”" >— a) AAj^JSj jjyJi J±J IT ji jjLi}' , 

iyjl I *_J (_l^ JWJ \-» TT^UJ' - villi 4 jlO?')|\j — JOl-J JLiij . «— .,.- 3 )»i' ^ip AjI jvJ '_• 

o' . conditional behavior *0» yJ' SJ" ^LJ' JUiS ! ' l ^U y ^ 

j ^ ^ 4j^Lj-j ^jA .si ^ 'Job 0 j* j j ^ Aj j^j 1-iil ij j. a) ' 


. ^o«JLl 4 ; . ./>* it b^ti' ^jlp yr jii viJLlj aJL^J' b^i>- j^Ip Oy — * 
0 ^ - j.L-, 1 ' l j jJLa)' o'j^jU a-<' j-ti Oj y 1 ^ 1 ' _ 0 -»l>r^U ii J>-' yiaj J 

£l_ 1 ' J} a . :. » * {j* JyJiSjS ^ . n«l ' (jLii)[' <jyA> ^ 1 p • jX»i' 0 y 

. 9 yS^'olb K^Xs^ ^ A.->.l«t 15l tSj ***^ ^LJl ^iw- J jlill o'y bo aTAp Li jjSsj ai 



: 3 a . ■/*«!! t> ^4 jA ^.JaJ 

j Aj.^oall 4^>U*jJt i j)jjZ~. S' jty _^ij jrt '■* 

: JU jSLiJl J p .fe;:H to* j iTjUJll 


Paraventricular nucleus 
of hypothalamus 



— -* i yBU-isf- >, .. .mt 'j) j jZ. ■» < T jSfl 0^ { jO ■; £jLi> O* JLaJj 

Progesterone Pregnonolone 0 Sabjj Uii-l 

jjp- jj 5^ JLil ^ j y.-.m* !' j)i\ j\ J& oU \ 




J>i j 5-— L-i olj^JU (jjj j Z, — r Oj-v^, 

<^>}Loak i ^b-kd A -^r J j ^ jL-illj v'>^' <^U^1 <j milk ejection «- ^Osji 

. 4 Jl» £• Jt JLpU-O ^ JJ Aj .iiP — 

ji ^ ^-j y\ jj y-^* — Ajea-j oi ^ jiw ~ j) j\ 


^l>* 

f 

ji 


*—£■ ^JkcJ oL^._j o' jj ji> jJijj SJLfcjtll aJlfc O-la- ^ {j* 0>d' 0j_/ ~ ^ 
j paraventricular Lkaj jbir' »' J', spinal reflex arc 
Cholinergic <^— d £ j— k ^ — * oL j ok a j — * 0 v *-£o of j-L-> j . ^kl 

L- .— ■* L 0 lj>-' ‘L>L»Ol <w J A ;r ..,-v.»„it .. *-jljlji)i ^LJlUj (^k^ob -Cj-dt ji ^ »li r s' , jb> 4 ) 

a^jJjl <_$ (OT-NP) *o ^ab^-' ajuj j Ua-J ^ j jZ.- ., S~ j*^ ' Jl *^--db>J' OjLJ ^ i aiLj 


. (NP) i' (OT) O' ^ js. a u i 'j* Obf- j~> 
(Oxytocinergic neurons) jijy*. — S'jSd »j v — ii' S.. : ~ a . « )> Lj^LU ^;j 
( norepinephrinej^y^i j>-k *k— koj (acetylcholine) JtV-S 1 ' 

Lj^bjO' ^k L-j\j*0 jyS bj^b^L' ^ ‘ 1 *ti' O' ^*£^0 • 

5 — i!>b>-i 3k— i ^ Li— j (cholenergic intemeurones)Oid * j^kii Lk— ^J' L-.w m l' 
Sj^-aJl o-lf-jkl iS*j>j- (adrenergic intemeurones) o-dbjj-St) * jjA\ 

>0. <>- . a^— k* . J a i l 0v-^ (Jjj— ■ : 4_J ^bc^jf ^*jbk' ^r*^ , *ij_^' L*-«— d' ^ 

tJ_j— *0 J J*~ ‘ — 1 J •(jijj 'z " * ^ til l ~-- J bg. ; .. C . l ) i ak* 

O.-.j- 3_Lli ^‘Lii ii-L^-J.1 ^jOal' 5J>- ^1 Lki-l L^lycdi ^ 

( myoepithelial LJ-Oudi <_j^bkll Lj^>Jl1 ^ # b__udl ^1 p <> S^UU OLk~~r. kJ ^ 
<_j5wl5k» k ;~7 Jl bjf |* obJjj^/ b^!5Lk' ai*l aib_i j \jJ^- Cells) 

• ^ jOal! ^ jk- b^Tlsj jtj 4>:Ji' o»l ^iill ^jk-iu ^liL j L^bi-1 ^iliJ ^jkLLI 



0 j* v»»>yi - £t*J»l^il (_»^bfl>-^l J!>»*iJ 

^J_^i-I ^jA OyJlM (J^bp- bi—^bji -<JnO d~' IS”" t^-lii 0 j^>i _ 5 j ^»- iil ojjaJi ,_j 
(j— 4 uZj j~: ■ " ‘‘ ^ 'jfy (j- 4 (j- 4 a-bljr_« O^-L-*^ j!y-il y - 

<J~l— *> ^ JjtjT 0 J jt****^ 4 <3 jy^il ^abii£-^|l <— ^wajj • 

J— *>i5 (myometrium) p— *- yi' o!>i — ^ ^ j— * -i — ’—if J yd*— -^i jl 

jJ^- .^-lp' Ji Jj ‘ : - «^ O^ Ll— > ^-LP- oib j Jiy^ ^ 0_^i *iij . Ji Jj : ; -“ *^ 

jlj »l <JjL_n^ OibjJ — -^l tj- 4 •^lyi-il j-5" "jOl l. . . . ■— j j . (*— ?“ yJl (_* A., ; l Jj« J' bj^bbl 

/*—^- J' i — — j Mj . b-iJjA-l S^LjitjJl (OT-NP) A ^*ji £■* Ua-J y-* 

• cs-jyt^ ^yy .r^' j' r L ‘ ^•‘■ sr s^y^' 

j y.—C jgj'J iU^Jl^ws 

: ^ y^aJ! J LJUJl b^t ^ : Vjf 
mammary tubular £_ yall 5^ Soil! j LOyP LpUai Jbdl JSLiJl Jic 

I b«-A O ^*> ^1 aJL*3i y^iyAj Sjo-^l b^\>4 {j* Ci\fi- y $ J~*~J j$*l *~*J glUIld 

Ciyy J*i) Si-ifu-il b^U-i (myoepithelial cells) <> U *p- V^» ( \ 

• cs-jyr-^fo ^yy ^ 

Uk>Jil ^yJJl ob j£a j jjSo ^Jl secretory cells (T 

. <Lj y>^ o-tiSi y \j*j \ yijj 

_yfiijj 5.1 Jrl l LT>(kU boLL^I b^>bi-\ ^ (desmosomes) ob J>S\ jl*>LU j 

(tubular lumen) *—* ^lyi j small dense granules 5i^ SiJ^ oL- 

• br*-^' ol —^- jyjk Jl iiUs^b ^-yr 0>p>-f J 0 y^lil (.ydll uy Jyi ^ 




b^U-1 Js- jS\j \ jy j£ JuJ JUl J$Ls Jl u 

; 4.,^a .jjJu ^ j-jail (j a^j ^J^/ l A ; l.,l-a»ll 

“j'j — »i •*«* (OT-NP) <-S JS (NP) (j* (OT) J^d ( ' 

. AjjLjJri <b jJl ijjJlil j jLj j Ajiii-I 

5 — 5J>-1 fr l^p ^Lp oxytocin receptor -kJ/> (T 

. vj — r : ^' « J — *^' j'-^- ^ «■» ^ myoepithelial membrane ^Ua*li 

. Ula ^ objji 4 






(unknown second massage) 1$ ^ 3 j ytf *)L- j dliii 4 *^ o j&J (T* 

: 'J& calcium channels v* j?— 3^ oj! 

•il — j j ^y—U t^JLM (phospholipase) jLJ j— i- yl' ^ •-s'j j (f 

.j j..ai i jjP <5jjlaj (PGF2 ) ^ ^ (J* 

<L 4-JLi-l J~7~“ til \ j.:* -3 1^)1 SjLjJ ^i_j 

^ ^Jai) o aJbtil ^ «. ..-?.♦ L^Aii-1 tjJLL v.iJJjj ortjJLi ^ya— iil> '■•»« \1 

* L.'V^' A*- til <j f*Ji ^ 



H 

Contractile lystem 
derepreised 

I 

Contraction 


Tubular lumen 
narrowed 

J_ 

Milk ejection 




\ ^ op : Utf 


0_j^j O' J; y~ * d l Ja«l l ad i*P Jp’ <l ; a .-> C. y jjl~~S j)t\ -j» dj jl 

(arachidonic acid ) did ' j^' J 0 -*" di~l* ^lt- - y*-yll jddyl- yt > ' *jjJ1 

ll— j^jOl 0 y y ( PGP2 ) £_ J-' (j* Oy* 0_y^i 

*^/l , aP^ yll <JL*P £.-l_J ajy U y t.ysS' ^~ y ~ J' .,.' a P f yp y_ j ^'ifl Ll) life 

. ;J^|I P_?"- yp Jl >^i^<Ja>ll ^yaujjl rt .. T»i) jjj yj»ij^drb«*<yJ) y» 4 *u •yjLi 0* 

^J_P- fi-ld; j Jl — *_a*— > aJC_j b t-^~> <— -> y (tjy ly— ^1) Cfr^ jj ^“'^} ' ydd O*^* i_£^Ji_j 

^ L ' ■ V ^ i ■ t > * , *i ^ ^)' ^^aJP ^ 4^“ jJ' C^yi Qw) ' j^*P i }/l « a ■»— * 

t j' y| 0 t jJ l ^ > i ■ ><^* ^^1' L) n i ^Jl 4 ^ p 

- yl* c£ y ..«..< j y9baj£- , y : i j s ^* *jV^» -LiP 

iJ>^bOlP ^y?l y*- 1 * 3 .‘-ij >1 ; -5^ ^ v^-j-bdl . *<»l Ks')}\ yllll Jx-ijl JJ^OLtJ 

fyr-dbd' d>Uy i Ada.' fyl ^IM (Ca ++ - Mg"H-) - ATPase J-*j dlby y J1 

J-ei « . tyw 2 *-L>- -Up b*!>ll' \jrtyS ~ y ,^1 p Josb£ J>0 ! v ^ - -^' d-^dP ^ Ip- 

'yd* y.-li' Soloff and Sweet lf> ;-d Oj y«J\ .~L; y yljj'jfl '-1* y}Uu_J p 

. \ ^AT 0 .p v . “ nr- N • nAV oULr Y o V pjjdL byll ad-^Ol <U J U/J 


‘-;.->Ni_^,iP 1 j*N'-"*~ » j/y_i ;_? * »— .jyb *ji ^ jj iji ^jLP ' i-iA 

J y jjl^ jN' ‘--’dp J? J-L'jj b*ycd' dJLL r ^jU 1 eyd" y \ . . . . : \ ^JL ^ JtS 
b!A>-' ^dJ-bd y j*>dil (. LiciiL i (Ca-H- - Mg-H- ) ATPase 

ijj — *~\ JLlP 4_JL>-( ayS^y—J ” a‘-»- \a ; l.ViaU 5_Jjdl £j L^ ^ y_— cljUy f ^w 2 j 

i a . W — ^ j» . . . >^^3' O^ijiP a di^P ^Ip <1 i.aT.imC. ^ . o^^S"mLL1 

^j' — ^ oU yl ill pjjy i j-lL. jyais- Jl _ Soloflf and Sweet 



N.A 



LjT o»Li jJLL jS j J} l-i»r 1/ 

. c yaLij*>0 l^jJbli ojIjJ ip JpL-j 


Oxytocin receptor 




Uterine 

contractions 



( OU J* jA J^^-i 

j* J^i 4,.,L a .h j 

1) Cystine aminopeptidase 

2) Glutathione transhydrogenase ( GSH gydrogenase) 

oxidized glutathione reductase (GSSG reductase) j*j>' j 

•ssLcjiy Reduced glutathion regeneration Jp*Il j jdU jLM fUaiT 

* v-c j 'jv dii 

*>«-*■* L? [’““i t^dll (jlJJp- J ^ ^^J 3 C'iti J 

. oljiiJi-l <J^*--I wdL-jj.^L^d-l tlljl -W»l>- j ^jjl jjj ^ 

,, Tyr-Cys*H 

i 

*| e ? Oxylocin 

Glu S 

N Asn-Cys-Pro-Leu-Gly-NH } 



Octapeptide 


Further degradation 
(Lysosomes — ►- Amino acids (?) ) 








4~Ab*Jl 3-UJi 

Neuro - hypophyseal relationship 


^ -«-t zJip, ^ ja jM jt ji)j\ j^JaiT S-^lycJ' S-tiii 4jLUj 0^ ii* j& 01 i j*~* 

^..a.U ^ll 0 jt ^-jJl jf , 3 * 1 3^1 {j* ^ y ^1 L*L»f j»-JiuJl lJUfc j . cl *. nl l 

. 4JL J4 4 lOj^Ja 1 ", * - - - Lii 0 yil ^1 n *J 4 ■*» i i jA jh 1 

aJLjtil 4_jJli j j-A jih 4_«^tyi_jl 6~i *Jt 4*jjUil a-btll ^jA ^ 

(^Sl A. 0 -1—X. l l ‘* J 1 d^;*' Of l*J* i. a j -' , ‘ (j( j y lii( yj^ill jl yt A«.«*l 

^,~ ;! ll jj— * j oljj-iJ 4-Jl j. >i.P 4 L ^iaj fLwaJt i-Liil ^y« 

^Ji 4j?..ll ) 4jP«-jli-l j\ ^ j^l ^Jjl J <oLiJl ^ oljOJ) 4-iytjJi 

jl—jJrl J-j ji* 1 jl'N^ ^il oljjilil OJ^j . O' y^"«-U ( jl j+X - 1 IfJ 

o' jL. il J-ii; ^ - *»« H jtfy -1 fy*-* ■ (</ jS*” ^Tl-Ul ^»l l Jl-f^r' 0l5^ *' 3 -') ^y 3 *' *' 

aU«il ^1 _ ijyjj ^ -^ , ' 0l**r^' y* <^1 (3 j^Alll <^X*y y jit <*_Js> ^a t yi£ _ C*£»ly- 

J} ^JLy-tjJt Otj-T^i SjLpI j (jLfciil jjJLJl ol j 5-xiJt Jau-iT jt c^j l»jj-b yiLi iL>ty*Jl 
• i* £ jj-^1 l*^j • jjjJ 1 OJii <i j* J 1 j*-***^ 

Jif — '1 ^ 5 — S* o^^s- OlT ) ^ ««■ j fl ^jjt y~ ij j^S' j£> <JLj-X?~ ti^i I ‘ J t .A&tyt £ \ 

{j-* J^t* f'iii <■£* _yf'S|l 0 si** 0 ail £*jj c!JUi oy* ( 

(/•i-i 1 Antiduritic hormone (ADH) O^y* t^i 1 jifi-l 

0 ^ t*» . />' t «i 4_Jji^Jt oLjJ^I' J^L>- l yA J j_Jt ^ « ^lil ( ^\^o!a\ »^lpt <XaS- I 

. AjjuJait 4iK>> Jl ^-U3 ^ j 


jl I ^>}y 0 ^ jj 4 i*JU>- li^i : Ol ■ J ja ji\ (Y 

4 ^' * ** \ jy -* ^ y * / 3 « <i-uaj j>-\ ^y*j (HSH) Jl 0 jf* 

p-~l (LH) -J' Oyy j'yV W J^V» (FSH) -Ji Oyy j'yi ^ 

Feed - bach mechanism ^yliip^i jjLdU J»y* L* y>j * ^ 

<Jj C^^~J * *s*y ./^ ‘— ■’^ y^P p y _y g. 1 -a *-^j^ j* jy*i 

m «*«ll J ^ ^^ -*■ ^lp ail oL ^a yl jl _ <>itp . 

(FSH) _>' j'^-ii yl* y-£* j/tf 0^ ^ yui JbU y *jl yl i^U j JiP ojl y^ 
(TSH)-Jl jl yl Cjy^ (LH)-Jl Jl y| yi^ jji^ L*-—{ 

^ ^ J'*'** ~ *-f > y »ii*J ! ^y— mmm&£> ^y y (T 

J_i^j y— J^*^' 0-^ £y-» Jl ^ «iUi ^Js* • ^ p- 3 *-^ y- 3 ^ Ji p^- ^ J-- 2 ; J f*^' 
^J“~. (^JJl Oxytosin o^jy*"*^ Oyy J'yi d***-* y* -^yJ dl <^W-s 

. ^ 5 \ ^ "» ( pi rt'b y*_^j l>* ‘J-’l-W-i ) p_>- Ji\ <I^k~a£- ( y>LiM , ja . ; .» :T 

y_* S-j*L>«jJI tiJlS' lij . y ja ji>\j yjLjJrl Os aJL^ j ii^(p Jj>ryi aJlpj 

^ -/»«U yjl^drt OiJ ^**^-*i^ ^J.t,*.!* 1-ii . ft-^t- Jl t -•' 4*S a‘ . U g\ fc» a l' » - l;- * 

f ' ->»fc t j ( - c- ft « n'.A ) ft-Liil Os J? yy 

ol ^yijUj (jLnJl LO»jl (Jl-aJ*)|^ ^jA t* fti^L*ii ft-i-* S>*sjj ( 

jLua^ j —§. i U4UJ (jLaj*^[( y ybil J^«i' t*' y-N' ^ «j J ^' 

^J- : . I l— 4.. * j iJly-i>l llb> 0^ J> 

. jl (jLaJ^j\ ft-wtuJl ftyftlyuil L*t yi-Ujil (JUaT^i 

: ^llil yaJa»*»lJl ^*w»y t» 









Oi — i ^ *ij\ j*[ ^y jl iji[ ^1 p * jJill li jf 0^1 vi — j <»t jftp 


• J l) O^- ^-:'~ J^i J 


4j jjlji! 0 yil 

yj [ 

J j* y’V' J*'* } ^yj* 

TSH 

TRH 

Thyrotropin releasing honnone 

LH , FSH 

GnRH 

Gonadotropin releasing hormone 

ACTH 

CRH 

Corticotropin releasing hormone 

GH 

GRH 

Growth hormone releasing hormone 

GH 

GIH 

Growth hormone releasing - inhibiting honnone 

PRL 

PRF 

Prolactin releasing factor 

PRL 

PIF 

Prolactin releasing - inhibiting factor 

MSH 

MRF 

Melanocyte stimulating hormone releasing factor 

MSH 

MIF 

Melanoctyte stimulating hormone releasing - 
inhibiting factor 


ji ^_»1 CjU y jA i_«j J j \ ^_»f ^Js- i jJjJl ^L/yiJ ^ frU Jl Jj-AjM Uj» ^ £-Jaij 


<jj yu jw P jl yi^l jl jl yi^Jl ^J>1 ^P jl CjU jv U ijl 

j-* ^ ■ ai > '— ^ Adlnosin » j v *^ Jj yL ^ ^ '-** jyL O' oi*j 4jl Vi OV' 

: JSLJI 


CELL MEMBRANE 


CT TCPLmSM 



HORMONE 


(STH) 




















JauJ p - Adenyl cyclase -I' pjy^ jt ^ J\ ^ 

UL* a_Uj <!■. ;> . 0 y* jl l jj>\ J>L-P < J*iJ i-U JLi L^Lj- _ byUi-l jjJauil 

o-j Ji bf (AMP) Ji (ATP) -1' J yA catalase — )' ^yi » jjx : 

aJLxll <«?r ji Jbyi aJjLI jj aJLuJI c^LLtjdl 

. O^yyl * yyl' (Somatotrophs) 

\mj~, iUi-i ji jiy^i Ja--5 } j\j^\ j^p jt y* j'yi 

jjjlill t - , c ^»b**ilU j-JU oljl £_2 j \_*i" . Sa yJlii (j ^ 

q-* ^ Jal) L*$” oJUtM 0 y^ jJ— *■** O-^y* aAiil 0 ja jk 

£*1\ ^IJup^I J-aiil y — . Obj ^ ^iil JbJl 
(TRH) — it i y~* J-S” j' j-»\ A^aiil ^ J5” ^1 p Thyroxine 

J'j — *V' ^ • j'yV' J^y* J^* ly^y* y-s^ (^ (TSH) J'j 

. (GnRH) jlyl - v y*J' Syi y yi . iy-Jl o 


Hypothalamus Alt 




JjI 11 J^-iJl \jS j^Lyl ii* 4— ^oa^JL* ^ 

Jiu- <_f J!' Thyrotropin Releasing Hormone (TRH) Jl Oyy jjz ( 'i 

1 — 4 — 5 — ^1 — j-~*l <jw 4 _-j 1J1 ijjjJl /j_£ 4_£U«jl Jl 

. Thyroid Stimulating Hormone (TSH) v j-di <udl o y j*)/ Thyrotroph Jl 
o jjjJl j-j y* ( y~* <-J j-Jl Jl Ji^i t^Jil (TSH) Jl ^y j* V , ' J * :, J1 jj*> 

. Thyroxine OwJ'JjoS' jly^ I 4 jJJ 
• Oi^lJl *jlj*l - J -* p jjiJl (T 

• JS** J 4 .l^t 4fc t)l Atll IrT 1 »> *.,> ^ 1 

y J^jlj^l ' j**X\j 4j-ljt)l S^l^cjl y J5”" JLp Lm^P jji ('—4 

(TRH) J»J (TSH) Jl 


lijy >»]lJUJ?l : Litf 

j~. i<l~* j-^aS- jLwajt L» j~*>\ J ^T 1 2 y- j} viJU-iS"" ^C ” 1 J-ai j 

4— ill!" <_? (j L_£A4 ^>nJj . IaS”" .. Ij^O^ j^*SZt . 4^.. < rt l »l\ 4— ^L?%JU 

I 3j ^^'1 , ^jJsij J*LiJ ^ : <a .7 JLp SjJUJi 1 g-* J^i . 

<^ v viJl v-JUaJJ v'-*^l 1 J £*Supra -Optic nucleus (SON)^ Jj-Jl «'» jJl ( ' 

. £*J cJUl ^JaJU 5 jj l c4 aU Para - ventricular nucleus (PVN) XAu jU-i 31 ^cl (Y 
. J jiil 3Uii s^jX. ^L* Pre - optic nucleus (PON) hy*t J-^l «' y ] (T 
*>*•1 Posterior hypothalamic nucleus (PHN) < ~ : « 1 ^ 1 .j— -*1 31_>_J ( * 

. £JJ viJUl oJ*Jl jl-U- jjt^l .j-t.NU^JLl ^ ^1 
L>0-1 ^ <p y 0 j Nucleus tuber (NT) 3-^U^i-Jl 5-J j-Jl 31 j_Jl (o 

, ^^l^Jl ob ajLP 



a_p JT 0 i-»-LJl aj jj'S/' a-Xa JS"’ -oLii j 

£ jLiM l_Ajjl>- J> L -»- U j A_J ^j^/1 It j \-$-*L-Jrt Jbr Jj \ij\ <Lw3Jl)l u^ji-l £jA 

. j »..,— ^ -1 {j* (f yt-\ (.\jpt\j ^J-aJ a*a>1>- ol Sj j£a 

: ^ jL U Ol j^Dt oJLa |«ji(j 

aliiil Supra - optic - hypophyseal tract (SOHT) v 1 ^' <3 SL-ull ( > 

. 4«*LvJl j L> Aj ^U *j J jj&\ it A.. y3*ll U^ji-1 (j* *■” 

j-a 0 jSo‘j Para - ventricular - hypophyseal tract (PVHT)v*L^J' vHM-* Ml (T 

. Cm^2a) 1 C>li^ ill Xp 4^y 

Postertior - hypothalamo - hypophyseal tract (PHHTJ^-LVtf S-ihU oLill (T 

JLP ^ A-jilii-l j ~* Al i\jS A ; ..,a»ll 0 

. JT ^Udll AjJLi-l £)jj}ib\j ^LUr.-ll 

jj \£- ip ^a 0 j Tnbero - hypophyseal tract (THT)v*l>dil 5_J jjJl SL-ull ( t 
. oVj j-iJl ujp ^^ *-~ ^Slj SI * - .y»»U 

A_J (3 j-aII ^31 1— *A A_J ^4 4_x»-Li ^__4 4j ftJL* |«_a7 

ot c : — ? J: — ~~ . Para - ventricular nucleus c-^ jU-lj Supra - optic nucleus 
<j*L*Vti j~l>\ Aj^f ja JyU j 0 d->l jl yl l> a JL^U dJl o>li ja jS 

j*— ^ Jl iji iiLia i...si»\ \ A->U>dil jjl (PVHT and SOHT) L*^^3 j>& ^J-a^ j*j 

La ( Neurohypophysis ) L w m il v 1 ^' ^ ^ LLpj . Wi orl^ c-ij U ji yl 

^LaVU^I^V^ 1 f jJU A ;; -/«e. 4J j* jfk y*| V[ 

j (jL*aJ| a. . a it A_»«L«3i jLaJl 0^ L3" . Ajilaj jU^j a ij+eu i3 

. AjjJl P Al^lp Awull A^>\j^jJl jjJ Ai^Ull jIm^I Jl L* {£ j^Af- 


\\v 



ji J-£l 0^ <j -* «Lj £ i o( J*— ^ ^ J> ^ £ilaZ~> ^JjSJ L» JS^ y 
OL^y* U- 4 JI j*j l ,■»$. :* . ] » j y y ,j (j Jl-Uo Lwjjt ^ aaJ» j ^ y j ^g y a w *! 

jf ^L.^r yJl J?t iOl ol.l »*1 p ; la.'J.l' li> OlS"^ «t y p ... jyl JpLiJ Ja~; aJ jl*J aL jJflj 

aJ Jl^ O^j^Pr^/l OJLA £jA jlyr of • AjiJUp^il £L«flP^(l (jo ItI L; ^UaJI 

j_J vi^p l ».^.Za.'k>j y yrr J 0» jlfJr» ii>i» liUa j . I4JI SjL^l Jjl—il ^lidl oULp 
^ li. ♦ ^ Aitfpi 0*^ (j 1^ J 1 \|^ i f JL^I ^4 4jU J ^?PJ 

L*T Jju* JL^I IJL* . l_^ L-i JL-J^i j jil yl I «JU J\ ^-JrU A*yU Jtflt ^11 

lyj jj’Lj ^-Ip'i/L y*^l OiiJ ( J SjJLijl ^ l^Oy- 4->lptiil (jo AijUill J l> 0^ J-»* 

< J__ - p^JI aj — *-A 0 jLp yl Lj.- C l yj ( 4yJflj jl^r^J Aj J y^) 

^ 5-»UiOU t AJy_r^' APy^l (^ai jl+^“' i^f 

1 j 1 -^' J-** '-fr’f • ^r-a*j' jW^'j j'-f^' ow J**pi •>** 

.^«\l ^y_<* A..wa«l' « ^ . --t!' jolj ^<l»^(l) j ... JLl *--* . A.««^aall AP^^^rl 

(_r^;j • y - a *^ jU^Jr' cji y j*'' ^ j-'* ji' js-to (J^ A^-ojj c-J^M <j . 

AjU^tU-^l ^ yj ^ jmLJ ^iL»^/U j-_il ^ ^u3,i>]' oljlO^ ^ibJ <LpU^JI 0^* <aj 

OJUi Ol-S^f ■ • l~fi u^J ~ l^'f • l+^l Aj— rfa*il C->1 y jil aJ y y>\ 

jLpJi ^->yj^ j 1 — y v>>' fj^' - js^ jf Ai^ 

• v^>l 0 jjk ^JjaaJ A^Lp A>Ip>«Z»«1 j$*1 4_^-iil ^./J«ll 
* ol j>j}A 0JJL> (jo _ A^oIjJLU _ oliMp Ajjl; Aj^j JLp *- y A»f j <15^ vli^^ £j * 

. Neurology o-»Lapty jJLp a— l y JUaj y>j jifr^-l* j~l\ *jM (\ 

. Endocrinology *U~oJl jo*J1 j*JLp a—1 y JUaj y j * LwaJl jo*JL 3L»U»Jl aT>Ip (Y 
. Neuroendocrinology -Jl (Jp 5— tjj JUaj yk j vU^U ^U^/U yJ>\ UjU (T 



12j J hj j - UijU- o^Uii £ ^ JUr L* j 

obuSl oLi j* jM *sy& £w»j» ^js\ JU» \jiu.i ijjlill iftUl L.I . iiJliSt 5j^Ui! 

L^t uy«ll o,l_* lJu ^JiTj . I |i«i Lj ^Ju>j ^ t ' ~ 

. «w> ja (j ^ l^- jJ-j 





4-?ji J~~j j)l \ 4 ti\bji 

: ^UaJl J^Jlj^i/1 

OJ_Jtll ,jy O^A*jl — ^*11 LjUr I J^i’.A ^1C (£jS\j — 

4 — >\£" j \ U« {\ — * Kreiger and Hughes j — *■ ^ — i' . ^ — .v/L* 

. Neuroendocrinology 



Median eminence area vlJUl ojkJl Third ventricle <J j > ' p—Jr-l Pineal body 
eJLsaJt Optic chiasm Mammillary body ^ «■ yJ' 

.Anterior commissure 


U. 








UtflJjl i*Ua J L ■* y j 1*1 .« ^)dl I'lll J iLJLII jjljl C.^ L*^/ Ly^AI 

J J-lH ^ -, all J» - m j Ljj JLiP ^-1 .^jl* j- .11 !.-.■£- ^J#J i »JL .ill; UL> j 

. Dilicat infundibular stalk 

jjJai pL^t Diencephalon £-Al yy* jl J»— yli i_jyj j 

(jyJua . ill j_S^ y «— LJli-l <j} j-Aj ^JJ u~* (* •••* f ^Lp ^-r ~£ yll Ua ^1 jLloj 

( ^k— .j ^JLp £-11 y j~~ j^.j. Cerebral hemispheres 

: ^ f t-il iTAJ £if p— Jbj Third ventricle £-*JI .iJlili jUaJL. J > yy 

Dorsal Epithalamus ylill ^ ^ya-Jl .^o-JI ^ ^ 
Middle Thalamus -1 *— ^ y f y^r-J' J' - * 
Ventral Hypothalamus <^1*J' y f ya-1' ^ ^ - T 

yJ~ (Thalamus) if yaJl y y-Jl jf .al^Al ^aj ^li y^-J L^LM j5-"j 
y j— Jl vi— ^ fj-& L*5" . ijvy j_^Jl O i « « ^J l Oh J— ^ ^-J' (tracts) «^ j l yil) 

<^JJl ) Optic Chiasma ^-aJ' vJU*^' ^1p Hypothalamus yL/^j-Ji jt fy*^ 
Tuber Cinerium *-j ^ ) I o yill j ( £-ll J| Li. y-z jlp SjyaJt .yLapty «jlp 
.Mammillary rejion L-JLi-i LJkdlj Hypophysis v *!^' j Infundibulum £*ill j 

. jLuaj^l ( y. P i> jt .-l'j (f j«a .11 (wJl.^rlt »^JL£ SjiL. iilil ^Lp *2^^* AJjjil f 

Infundibular stalk Oil! JL— «U JLj kill L^-LJi y. ipt* ^11 Sj jjJl yj^o j 

. 5— L%jJl oJLjJL (^JJl eJLH Q%1a.ll <pl y yiy 

: jl £ll jij-^ C«pcJ t^4«Ul ilX»^/l 

OLj— iJl j Anterior cerebral artery ^LS/I ydil 01 ^Jl y 5iii ^ jjy 

?5Li o y-L^L* yJ.1 5JSk> J>-b Posterior communicating artery ti yJLik' ^>1 


\T\ 



t) Paraventricular jU-'j Supraoptic J ^ £*>j . oL'l ja 

O j ^ j ^ A a)?7*a 

a_SJ.s US' Supraoptic - paraventricular arteries 

. J-- 4 D o^aj olj-Jl Superior hypophyseal artery 

A l«,g .t.ll ^J—A I jJl 1 ;; .*.> ( J »t J—Ai> .jtX_<»l A_j iL* J)\ A_i J jjl A_j 

. A_Jjadl aJL* (j jjj ^ 0 * j-f aJlpj Communicating arteries 

j»— sJL- -» * - A_j^LajJ 1 aX_iJl j ^»i>i Aj Aj A jPj^/ 1 ,jy jLaji Xw-jj \ j 

Superior and aJ< *~ ) \j ®a_j jl*il aIj, -»1 ^ ^x5\_; axJtlt a_j x*j 

) iS/' ,^L-- It 0\j j-xll ^ 0 -^ « jL-p ^_aj inferior hypophyseal arteries 

. Internal caroted artery ( JWxJl 

A-wa*Jl Ll^-I w-T Jtj u« (^oJl) ^ jLaJ)f 1 

al_4^t a_JLp (jJLlai La jMj ^tll ijy ^ jLXT^l jl 

L* j~*j ij v-Tl >Jlj tL-JapS/' j oyj afferent direction ■> j ' ^ 

jj- lx* L»Ua j aj jU Jl*>~ j£x. x.aa:I' efferent direction j^Lall at4^l aJLp 

«xJ ^zii A_»; iX>ljLX^i X-j - Vn .U AjIj JJi AjI *^|l . ajy S' oXj li L 

aj^_iil A ..^am\\ L-j^ti-1 jl ^i^|l XaIJ ja jtA Ji JaXJ jl A«iJ 0^ {jA A_wui)l 

t>LS”f t\y* A— »^a*JUi>Aaxil cjj . l$i^lx LjXyp- j*x ^11 j peptinergic aj-uxJ\ ix>Li y> 
Olf jk jf ^tjLj\jyS\ Jl« A^wull C»^5liJl OUdjsr 3 j Jill U 

: jsJliJt jJfLtJl J 4.h.h< ii \ijeu AJb j£c JjJLa ^ j? OlJL^-ll 3«baP 





Anterior Pituitary 


t jl oli J* J* jl j-jlj (j-s^ l— 4s* (*-*£ 4....r3tlll ijji-l < J^Li 

oLw>^U oj^—iil aJs, , .» ^Jl 4....^ae)l .Jj. ^Jl j ^JLJi ^ Ja;7 A_-^Ljl5w*j 

Oy'-'j^' jf ( serotonin ) Oy ^ ^ j' j>\-> f jJz (Aminergic intemeurons ) 

5_Sj Jk> Uul JSbJl Oitij • «-i> j (Norepinephrine ) & (Dopamine ) 

L* J} A.««r3e'l Ajii-1 p |«>J vi.1 1? jji! 0^_^— *^ 

>YT 



(*-*; i-»L^apV* j ( Chatecholamines oi> 

SjLiSJ IjUaii A-hi-l *iIlJ jy^ijLfi 1 f Ji j i-LJ-i j*— J jl y'Jfl oli y> 

J^Lai ^ 4_Slii\ 4 —jLII » j^uJl jji j\ j-*y J • y J>-Jb JlJjlp IajI y^ <w,Lll 

Capillaaiy of the primary plexus SJjSll SjyJai) jty ^1 p 

^2y o j \ a..i^U i-jy * aM 4-— PjSM ij^— >- ^y 0 _y yM ^ yJ 5 j J ill ^1 Sli! Juu j 

• 5*0*11 5yUJt Jl Secondary plexus 



5p^, . Alii 5*jy?»— iJl O-jlj^Jl ( y> 0_jO*li 4 Jji-I ^ ^>jr Lyi]t ^Ol2&£- 

^_1 p aJL^>I t_sy>-j . 5* jo^oJl Jjljjl) ^Liil y* (Ax) jy^l oiCj (Den) 


4_yJ^*^0J^|l 4^. (NI) o>l*yll ^jA 0*0*11 ^1p 5* yjM (hi) 0j*Oi»^<» tj^S" oly 

Nissl substance J— J «->U i-iyJ (R ) ol> yy Sib: y>l y~S/' ^ 5 p yji j ai^J-\ 


U£ 



jlpr j (SER) U jO'ill UpUil 5^— lil * -^"^dj (Nis) j< 

JLij (V) Oj>-U> oL->- £-> U*U j £*> jwaii' ij J^-^' (G) ^ y 

(Ly) <^>L. j— jj-iii £-* jj»r^ j . cjL-**i! ^Ip c->U~>-' 

Lipofuscin ^W'-j ° W“*J js^' On J*-' S-l»Uw* ^.c US' 

Jlj (SV) -? Synaptic vesicle O' >1^' <L^i ^ Ji p — <$ js-^ grannies 
Subsynaptic Web >-*V' c-^ d-^iM JU (SA) -> Spinal apparatus ^ 
4._-.w a . «l ' i> j_J4 Jl j (Mt) — ; Microtubules UiJoil ol-J 5 i|l Jjj (SsW) — > 
j?\ ^k- c> JU (Sy) -> Synaps 0'j> — (NO -> Neurofilaments 

. (SsC) -;Subserface Cistemae 

,3-1^ Cs^-J $ i — d j* j* <y^~ 0^>* i-ii-i j »— or jy*iJ 

jj£~ j' ^U-i-' < JJUJ J . >w- wa.«')' (j O^AiUI 

cj' L a jlp ^J— *ju ^-1'j > .— S_j ^ ' J ?*■ 0__y^i Ji 

^_Lp - ^Jxr*.7 a-IUj Oj'jUi'^I aJU 0 j£j JLij . 5jji oLO*' wilt j' ^JL p . -a nil 

5-jL$j jlip (Depolarization ) v_-»Uai— 5_iSjt o-lp $ ,.wa»l' ^>USm - j-i-j 
j' 4,..U.« 1 «w*J^| L_gjf jJ— J j ^ ..OtSsj' (JjL_v sib Jj 

A^ U - ^. j i__^v l. 5,U -Oji i .. l .-»»ll 5. id j * J'yT ^- ,!j Vy’ i 

O^i </ jJi J,Uli J5s-kL j_a US' Sjld £.♦ U'jj( j Intemeurcne 

3k— ' ^ U$d j*_S->o)' UL j sJU-l oJLa ;j Choli nergic O - ^ Utiiil u^axll Uji-i 
Uf-ip j (Enkephalinergic ) o^UiSoSU Ua — * U ; ; . ^ p 

. ( Opiate receptors) « j-bdl 5J ^«JU U?U o^-i: — . 


^To 



RECEIVING CELT. 


ACE T YTCHOLINE on OTHER 
EXCITATORY TRANSMITTER 



U LjC* ‘" /,<>l ^ O^iLl! C->*^-a.~ ■ i yj ^ (jiri IJL* y 

• 4jjl j* y\ M ** y Ji V 1 ^ a ~“ 

AjJLj.:. .~U L^'U y y j\ y\-t ^ j-j*j j Jitil U^t>- j 


. ^-L-NL* I y j\ y)/\ o>U y y Jjuii Target cells 



4»bJ>l J--AI Oli ja 

Hypothalamic Regulating Hormones 


. j S^op ^ Releasing hormones j' y^' ^ ^ y* ^ 

(j— * yll j fjv J.^ yli oli j* jb>\ * jjk jOu j 

ijlojj ( Central Nervous System CNS ) JyWl J <4^ ^^**1' jW^-' 

y^-i j i * ^y> -l*j y ^11 ol jLi^U y< ji>\ j\ 

jLpri j(The ultimate hormone)^' v'M' ^ y jy> ^ cU*pty J yl> j 

• <y 

j •ji*\ y- . * ■£ > j 4. <»t 4 y* Jit ol> j * jil «j> y* JUJLjlII i^S' Juj 

^ y»-*i jc -Uj . ^ajl rj>~- j (Half life period ) y-Jtl' « >* 

ol i; jJLp o y*ll ^ Lk5^ <u£> j^r-l Ia^-C CfcJj oli y> y>l 

. <^Sl' { jo\*H\ y* 

^ip Oy-*^l JS-‘U ji-^l V^l' 

. olp p~Jr\ ijy — - 

4—jl^-ldJl ^yw .—il ^y— «* (^t ^y— * 0 -*lyl— «J«l y J * -*«« jA O^lyl— ^yi-lj tjLj^ 

J-' jW^-' Ji External / Internal Environmental Signals 

W Hypothalamus y-J>t Jl l^li; ^ vt^** Central Nervous System CNS 
j'yW (y- 1 — y-Al Electrical or chemical transmission VW*-^ jt L, 

1 J 5 " J" y* y Oxytosin \ jf Vasopressin Oi- Oyy* U, 

4 j; .,i l»l l 0 * 1 ^ 1 ] I Jl i^JL^ Sj y t (j L.JP b^l>* (j l j i.li^ ^ L»t ^ 



A-ybxJl -i_ip slUJ jjl — £■ wJLSi> (j a&U Neurohypophysis 

4 j . 4yb^i)i ^jA : t ^1 jl y^ ol jLil jk JLv^ OJ »j -^Ljk LjJjyJ ^ ~1 ** -y ^ 

Uijj~*'j^ j^Ji L*i-J |> • - 'M jj jly^l Jii^- ^1 p j>jjlil\ J-fcju «iy 

. I f ^lp 4.'«.LM JJjtli aJlp» 1' p_>- ^il 1 * i*^ . >i a. 

Releasing hormones j' y^' y y* y^^ yji' jy - y-V' ^ j 

4-jJLiil 4_yb*jJl jjl 0 U y ji>\ dJLjk ^LiuJ . o^lftjl (j (ng) fl y jJ LlL jJj»J 9jyW> olX 

. Adenohypophysis 4_>aiJi 4-yL3j yL-^L y-i' 0 * J-sJ LI ii^y jjJ» y 

4 jt L ^ yb»-l ^_1 p 4_> ^yLjl-1 4 1 • 4 n .-C. yk ^jA 0 ♦> yk Jf -LJjO 

anterior L-JlI S-yL^Jl j y yk jl yl Ujl£ (its target cell) 4 J <*■■> 4j-U* 31 4yl>«Ji 

4 -ylsJl c^Uy y* J—Szj . «Uii ^ (ug) ^ yr j^Lib jJi; o>lyib> pituitary hormone 
a-J^pi li s^ p ■‘y^b y*^- 1 4 I. a;—C , ly Oy y J5* iaJ jJ 4 j jlyM 0 y y» y 
L£ o»U y y> Lj>UU ai_> jl yt jJLii ^:>y Oy Target gland sjjLfi-Ai auiil 
y 5 jly ^ 5- — -L> hormonal response vyy ajI^M oy l>- Jl 

Jly*) 1 ! y» 4.4j.)gli oU- 4-lp-l Jlii 4JlJI oli &J> (_J y>jJl JL*J 4-?L* JT *J^(pLiJ 

. Hemiostasis -1' j' ^.Jul LJLp <->yu t* y»j 

(J j -»«il i_Ja ..aj ayij yyl y^l '}!-!*<• July a jjt 4J>bj y % :7 j 

oy_»-^> o>l. ^*- < >y jly ij->i i y y» jl yl yy . iiJL^i— Jil o-Liu'. ^ y* 

L>1 4-1. ii yl-JJ y-P J — iy V wy y*ll tjj yii j-JaJ l-L*- 

tyl Li 0y-5sj t^-y »1 yrj^^-ib K..-> j?5*t v^L*J>o jjAZ9 4j -X i]l 4y uluti ^y 

oUyy> y jyi! -Ajyj .Aijiy^l yLV^yJ*' oUyy y L--J J^lsil y 

<JLp 4 j J jtil Ay y yk Cj\J y oUi , it^aJ ojii j a«. 1 ^ t. _ll oJjj! 



A .C.ilC.j ^ A A**} ®j^ X l)^ 1 ^ ^ 4 j« 5* J^U- 

• ^J'yT c^ 1 

Set 3 JL-JI 3L— SJlJLap^l o^L-c-liJl j__* iLJL. jt <p <a->a >i j 

5—JbJ-l 0 y> ) ^Lfd' Oj^l j' j>\ J-u> J-a La*. of negative feedback reactions 
-«-■* ** ■*■ ^"ail 4-Ll ...11 3 ;; ^a«ll c^ljLi<^U ajIjrjl— 4^v_i) <1 a>- ^Jl ^ou.^ ll 
^LJI ^ j* jX\ jiaill lu>U j* . «.» ' y..~* ^1 p 4j?laip^l c^tplAill «^JLL 

ojj^kil L»^Lp ^JLp lj ...‘xp \jj_iU ijaill ol— I ja y> yj** - ^ 

^t”* js -1 ^ la_p . \pjl ^il o\J j* jM jl ^il h ; tr» jl ^i*^l y> jX 

0 yk |» .jai* ^Jp Ij^«~AI Lj^Lp 4 j ... v pt ^.Jp a^ ^?r^ll (J^Lp- 

j. ./a all .^ull yr% L\j j\ iLJl la * ""-J • 3_jaill 4 _j>L>«jJ 1 

. Short feedback loop 

^71 ^ ill 0 j—* jXi £j—a (a, ,,.) 4* j * 4«3 Lx» 4 m«^p 4jjlazpl *a*a^j 

4_>a*il 4_;>»1>«J1 y ^ipl Jl o»jj vi--?- oa^; Ll Saill ^ jylll 

^J\l — ip^I g^L. jJU 1 lap 1>S *— ij ^yS )S ^ ^ fl«ll jl^'j t/ .L>‘i|L*^ t; Alj 

. Long feedback loop J> ,^-£*3' 

^ flaipl jfi; w> JLp 4iaS/l aa*)! c.««4 a aU ^ai7 L Jl <i La»*^lj 

^jA LjajI la-j jjjlall lai ^ j— Jl Jl LT^L; .« ; l la?*- ^ j— i! <?lal> y*^ j vl-ltf 

l—f*!* j>yj <jr^ , 'y\ J j-. 3;*Ail! V^LajJI ja JS" Jl 4?*iJ ^Jl-fJl Oja jX\ 

01 £-* jsll a> iilLl aJL* (3 j • (jLw*— ll lap 3 * 

jl J>\ * ■ ) ^..Xl 4...,i-a»ll <a^UL^ill ^1 p 4Tljy 17 ^Jl^ail 0 ja >^JJ 

j — Jbll {ja ^yll la* i lal ^^-Jl jyhil ja jtJ* ^ jl>^l Oj^y> 

. Fast feedback loop ^ ^-1' ^-^*11 ^'-Lp^II ^ 


_ r 


_ r 



>5" jil J LfJ-1 J-S" Ju lfr£l~J J _^iail ^^>*1; tfijlj 

Cjiri 4— j ^»L^lll 1C 1 jLual^i gl > .,^ill 

(*-f— 1 ^ ^ £-> . ^Ul ^JaJa>«lJi j£-lJt j 


• 0^> > -»m . j frli y* 0 i^ilj J yrr y 
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h 31 s UW Oliy/ 

Chemistry of the hypothalamic releasing hormone 


^ j'yV' o>v* p-*l 

OTr jl I j— il l_0jl jroU jf L^M, .!L..i ij ' jAA 5_j dill 

j\j^a)j\ J-»1 — p j*_— [ ^J-Ua; Lf-^* _/ (j £{{-5 *-*i y=»j 

<£*- (i U~j ty j> >0' yLi oLT ^il slJUu ^ Releasing factor 

fj— ^ j'^-»V' ‘-^’ L - : y./* Lr-" <y W~^3' W^V «-*y ON' 

Ujl yjj 

• V*U««jJl oil y J* £jA ij^AA 0 y J* j' jj\ JL^-1 j o y J h {jZj * 

L-^LriJ' oU j^ma oyy j'yl p-0^ j'y^' ^’y-r* y £jj fy* • 

fj-*i ' •-V ( j' _ <r -»'^' * 1 *yj >■!.;->- . L-liji 

. (jl Ja-Jj) ^JlJI jJbiL 

: ^ — IjV' Jo.ti j 

: iij-Ul 3-uU *A\ v«UJl dyj* yj\dyj*- \ 

Thyrotropin Releasing Hormone ( TRH V . 

y* Thyroid Stimulating Hormone (TSH) v j*0' <AS OyjH j'yi Vi y>j 

j\ jJ[ — La ju>- Jl — Vi US' ‘ Thyrotrophic cells O' j. — -W <» jyO' Aj-till U.L*Jl b!>U- 

. Lactotrophic cells 01 UNU Prolactin Oi^NjjO' Oyy 




: i—- Jrl juaU <$Jl 1 v»l*d! OU yy*j 1 j*ioyy_Y 
Gonadotropin Releasing Hormone (GnRH) : 

Follicle Stimulating HormoneFSH Sl-a* yLl ^ OyyU jlyi Vi yj 

LjtA>- Luteinizing Hormone (LH) p — Jrl j£ul v^ 0 y j&j 

j~iJj . Ji yl' Folliculotrophic cells and Luteotrophic cells p— t « jyi' Si-Ull 

OjX' jlJ UsLt ^ ^ LH Jt y FSH J» y g;t j» yl OlCf Jl jrtfull y* 
. L^jLl y Folliculotriphic cells and Luteotrophic cells 

: (Ll£i! (i y Sap i yti) Jby^i Sap S jJJtf V*U*Jt Oj^jA jt 0 ^ _ r 

Corticotrophin Releasing Hormone (CRH) : 

y Adrenocorticotropin Hormone (ACTH) Jb y^l i y J Oyy jt Vi yj 
Oyy y j' j*\ apbJ US' . Laili j Corticotrophic cells J' 

. (MSH) oliwall Oy yllj Jvi jjJjiLJl j ,jv» jjj 

; ^lp iJlill ip y^r\ jl jJl OO y y 

: yull jyy jljij Oy y - Y 

Growth Hormone Refeasin2 Hormone (GRIT! : 

: ybt Jy y jl jSl Ja..^7 j y jAj 

Growth Hormone Releasin2 - Inhibiting Hormone (GIH) or 
Somatostatin : 

Beta Endorphin y» yajuy I o y yj - o-vit a^ Oyy yb' 0 y y j'yl 0y yj 
jUw.ll 4 ^ i nil iU^Ij y jib 1 jl ^jl 1* jy'J jjjil O y ^**ull o y y jl yl W ««« > 

. (TSH) v ®a*U Ayil j y y^lj Gonadotropins (GnH) v-^' 




f J *i ^ V- T / jj * Ol* • ./* 

^JU jOu j . v' > ^' «^' j Corticotropic cells J' 1^>U- j Proopiomelanocortin 
»_-jr a Jj->o Beta Lipotropin ust 0^* ^ 

0^ J— cj~^ J • 4 — sH • j*— ^ -V* J*' — -J' ( Proopiomelanocortin ) 

^--* jf GRH — Jl jl a Uvulas l>[ j-*Jl 0 y* jl A~J 

. Somatostatin J' j' yi 

: yj! - y 

Prolactin Releasing Factor (PRF) : 

'• &*'* jj}' Ml -M J**j 

Prolactin Relrasing - Inhibiting Factor (PIF) : 

JiLJI kiU i Dopamin Ji PIF ^ j' yl -«sr^ J-Lp j 

L*» jJ-TiljJl jj — * Aar _«j l>» • PRF li>Ua> A* 

uyL*>dl Ji »jl>#l j&r lT^j^ j us=^ jj 41 -M' iL^J' JT o'' JH ^ 



CHj-CHj-NHj 


(jyljjAJi j 


\rr 



: OULxoJl J 4~il J yA jil jl Ij4] _ f 

Melanocyte Stimulating Hormone Releasing Factor (MRF) 

: oUL«a)l ^ aJII jl jil Iuii.vt 

Melanocyte stimulating Hormone Releasing Inhibiting Factor (MEF) 

1 <-^1 jl J~*lj»Jl — S j jf OV' (^-3- ^ 

Cortico trophic -Jl LjVU- Melanocyte Stimulating Hormone (MST) oli~-®Jl 
olj 4J.1.T..II I jyjl <i ( Vi . ( jb/l ) 5 j Jill 3->U«uJl 

,^^-j • <p /** L Sfl (^1^ oLJL*jJi ^ (MSH) 0 y* l*i* jl^il -1®*^* 

J*- — C .J • c r'l- J '^lj^r^J (j <i-l^ j*-^l <^-UI (jLjyr ^ jbll jj- 4 J^l^l of 

• ^ . jb/l t/ 1 MIF Jlj MRF ^ JS” 


.Tyr-Cys 

' t 

lie s 

i * 

Gin S 

v Asn-Cys-Pro-Leo-Gly*NH, 
Hypothalamic oxytocin 


, Tyr-Cys 


Pro-Leu-GlyNH, 


He S 

i i 

Gin S 


MIF* 

''Asn-Cys*OH 



Toeinoic acid 



(or amide) 



^Tyr-Cys-SH 

He 

i 

Exopeptidase? 

b - 

/ Tyr-Cys-SH 

He 

| 

Gin SH 

\ • 
Asn-Cys*OH 

f 

S . H 

Gin 

''Asn-OH 

Toeinoic acid 

Cys-OH 

MRF 

(ring open form) 







v-T y J 

iOAjl JjibfcJl OU j*J> j\ jJ? Jk,sll J ifjdl 


Sequences of Known Hypothalamic Releasing 
And Releasing Inhibiting Hormones 

4^m 11 ^jAI oU c... ^ ^ ^1*^1 ^Izj Uj 

: ^ cl«— a ^ .-.ll AjjJtM c->U y* jl ^i*^/ aJs-iIIj 

: LijjJl 5d*U aJI! oyyll jlyj oyy _ \ 
Thyrotropin Releasing Hormone (TRED: 

<;f Vi . (PRL) JcTVjjJI O^j (TSH) Uj-Aii <4' <V. >' j\ A Vi (/-a 11 y j 
«x> J o*i» vlJUiT OLT lii* . (TRH) *jdb£- (PRF) 0^ lil t* £->l j J'j V 

Oj-^i cf-Dl j ejl jj>\ j( J>U-j Oi^V j' yi l jiL*lp iiL> dj£> aJU -1 

• j ^ O/Zj! 

pGLU'-HIS-PRO-NH?** 


• y^i iyy jtyf iyy - r 

Growth Hormone Releasing Hormone (GRH) : 

. squill a->u»ji j jaJi c>y>j* jiyi Vi y j 


1 10 
Tyr-Ala-Asp-Ala-llePhe-Thr-Asn-Ser-Tyr-Arg- 

20 

Lys-Val-Leu-Gly-GIn-Leu-Ser-Ala-Arg-Lys-Leu- 

30 

Leu-Gln-Asp-lle-Met-Ser-Arg-G!n-Gln-Gly-Glu- 

40 44 

Ser-Asn-Gln-Glu-Arg-Gly-Aia-Arg-Ala-Arg-Leu-NH?. 


\To 



: yj\ dyj* . r 

Somatotropin releasing - inhibiting factor (SRIF) or (GIF): 
oL j\j- i\ 'Js- Jjij j\j\ -ia-i y>j Somatostatin 

. (g <../***• J 


1 I 1 14 

Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys 

: ACTH Jt 

Corticotropin releasing hormone (CRH): 

•J-jj B - Lipotropin (B LPH) o xjs ACTH J' Oyy j' y' v?*~ - 
tij—* j* ACTH J' Oj-^j L* B - endorphin OiijjUj'fU-Jl ^ y j* Oj£*t 

. yil j MSH Uil 


1 

Ser-Gln-Glu-Pro-Pro-lle-Ser-Leu-Asp-Leu-Thr-Phe-His- 

2° 

Leu-Leu-Arg-Glu-Val-Leu-Glu-Met-Thr-Lys-AIa-Asp-GIn- 

30 

Leu-Ala-G In-Girt- Ala-His-Ser-Asn-Arg-Lys-Leu -Leu-Asp- 

40 41 
lle-Ala-NH:. 




: i-— Jf I j-ull 44JL1 oU y*jk\ jljil byj* - o 
Gonadotropic releasing hormone ( GnRH ) : 

. FSH and LH jl yi . 


1 3 10 

pGlu-His-Trp-Ser-Tyr-Gfy-Leu-Arg-Pro-Gly-NHi 


m£ . oy jM u j’ii t j ^i^ii Try <i y r j oi 

: 4 — 

Proglytamyl Ji j^-sj * <.y>bil 0^-* V v^i ^yy* 1 ' j'yl ^yy* y <3 

: y Jalj LkS^ >— -S"JJl <3 C -UP- Jl jUj * * o^bil j 



— llj GnRH — ll J Glycinamide — l'j TRH —11 J Prolinamide —11 Oj— «^y- 

. GRH -ll J Leucinamide -llj CRH -11 J Alanylamide 
of — dj a ~;1 ' -UjUp Corticotrophic releasing hormone (CRH) 0 y y*>j 
J m— ■"yjjbll ( 3 :1* ~ (»— *i ^ — y *-! uc-1 — « jf ^L-> Oy y Oy yjjbll ^ y y 6 

Ot £il J-^b 5^-J.L, 4^i- Uj^p ACTH -11 jl yi Vi of *1 ^b^yil 
■ CRH -ll jw.^jjlill 4-^j < ! ■.■>- CRH -ll <5 y^j JLp t_>uy ®jolJ 


\rv 


t-j^b* *_^uLli£ iili>Jkl jl j i)j\ C-»U j a j* i jpr j < ^S'\j>\ JbJ £■ JLli 

' * ^ -<wt j* j a^U.. .£ j \ — P a ^L , . «■ Trt 3^ ■■ ■*>*«» S*' ^il t ^ ,/a all 

>-r> L*JU i^3' 0--3- Fluorescent - labled nonspecific antibodies 


♦ 3j*xJ-t <3 Jl-ftl <3 J' *— ■ j* . ^ LkM 


jil jl^Jrl \jAzfi- (J aJlwl jj ^ L»t 

jly^/1 tiyj* 

Dorsomedial nucleus <o — - jAS Sj ^ fUll b ySU a....^>1i 

. Periforical Alk^j Paraventricular nucleus jU-l 31 ^Jlj 

TRH 

Median -la «* ^dl «. j --H <L— jr jli-1 «_LiaJlj 3_*il J>\ 4,....,a<iil 

oJub l-Ap ju ip jJLiiS" Xtjj ^ jL* ji eminence 

• lx* 

GnRH 

^ ; .^1 31 la.-jXll a ^iJl <3 Ajip A.,. --?■)! b^ljLl J&rji 

_ i-ijjJl 3JLiil j — A ; * .hll 3 lull J _ j ^JaJl ^..oitll - Ajila^jU*-! 

^LiaJ j J^pr-jj 1 ^11 ^gr«A*ll jL^Jrl — * 3JjJLP 

. Gastroenteropancreatic endocrine system Jl 

Somatostatin 

(GIH) 

Arcuate nucleus . u ^'i^ a-i^jII 31^)1 j ^y. 

(GRH) 

- -ll ^--Al ^*1— **Jl j^-^1 i— j^Lirr aJLj-iP ( jJt»L_L< j 

31 j_dl j -j— ^rji ^ ^ . Hypothalamic - hypopheseal axis 

jlptJl) Central nucleus of the amygdala 

L_*aJljjj 2 — — a*) 1 Lt^ULl ^Uail jj .( Limbic system jl-^' 
\Ji jX-\ 4_J yjjall 31 ^jJl j J^sfrjj 1 . 3 J. -^.all 3 AjjOK-iil 

<3 (CRH) —11 A-i 1 <— ^ull J»LlS/' j dorsal motor 

. 1* — jJll a jiill 3i A>Li» , ^lj J A— «ja*ll A*>l>ijJl 

(CRH) 

j 















, 4 ji olj jA jh ol-LlJl CjIUjJLP j/» JLrJjllt 0 j^Ijj 

. l$i> Jjrl jJ OLi ^ylj U-ij 


Oij ?rj J 

JUJLP 

-t\1 j\_^jLi j_^« 3~1 _j. 1£- jJ»L-i>j — 4 3LJiil _ j ; .^l 

• tf/'jU 

Substance P 

4_jilajjLi-l al j_Jl ■» ■ -~j ^U^Li j.^1 4 j j>( _ jS"" jil 

Medial preoptic <1*— j^.' 4_> 31 jJi j Paraventricular 
4_-JaJi 4 ; Jj-l J_J i_j jityj Ventromedial SJa— jdl \ .Ja Jlj 

4 — ;i^i' 31 jJlj dorsal and ventral premammillary 5-j ^J ailj 
^-J J— -U (j-t-NU j-M £ jU- 1 / j*^ <ik> jj j^s- jj Arcuate 

Adrenal medulla J ji 

Enkephalins 

l» j-jAi 4_Jjii jj J—Prjj >1...^- ^ ..rfjall (3 a ^J Jr J 

reventricular , Dorso - , and Ventromedian nuclei • V^' 

4„«J^Jll 4 j .Xallj la —jlil £ j T*.ll 4_*j^jljLl 4_4,.lail ^ Jl_7rjj l . 

. 3.uil <3 UjjT j u-jj US" . Cerebral cortex 

Gastrin 

4 ..ah'.Aj 4— ilajjU-1 31 j-Jl (j <£j — S " ^ ^ <jsuJ1 jL^Jrl <3 J-*** j> 

SiLll a_s — *> ^1p 4j jz£l 4,..,^ all ^bl^Jl o^- jj j . prefomical area 
(jlsaLlllj ilet** jlLl 4j ^Jall 31 jJl jj ia— jlll c jllll UarjUi-l iijail j 

£T jl ^ <3 3iL_ll oJL*. JL?r JJ l_*S" . J;.jll 4 ; ;la.ll 

. £«il JA (f yt-\ jl»U* <3 Osj-jJ vL~p- jj-UNla j-Al 

Angiotensin II 


>ya 










cjU jAjA jl yi 

0^ j' <-^L jjAj* 4_iJb*li l 4jy f (j 4jC*^»*Jd 4...^3«ll b^OLl 

( ji y^[' ) ^wiy)' ®*)a ^J^ii) . \-$>L«^»-i /j o>U ja yU i^.l I t £y+j>+zj 

<Ji (J— ^ l£~*~ (Ji ^£*5^" Oil) ^L^»r( £jA 

( J? t-Aj'y^| 4 .... <a*) i 0*1 jLO^' 0 j£j jjl^' i^Jll) 4.,.^a«)i J>L)ty j' ■ -^*1' 

jl j- oLJ y« yl 4 ;; . .<?■)' U^teL' ^L-orf |, tan* oJlS"" \lj . iiaiJl *JL A JLp bhjUail 

J— ^ o' iU j-* iiLii j)»l> j «; Peptidergic neurons «i-V~)' 

l_>* oi\_P ^_)lj ^JlpI o»L y ..,»«».a L^LL' iiil» j' y^U o»ljLir'^l 

« jj-ii' jf Cholinergic neurons Oi-^ 5 — .. ^ » il UMi-l y> SyUo o>ljLM 
o j-* jJj . £-11 j-a 4-ilzfi- jU»Lj ^ ^ 5i y_ylj Aminergic neurons o»lySU 
£_-?xli ^jy o- 4 Hippocampus ^L>jl)I j 0 0 y-* oA jUi^' J’ 
o>) jUi-> 5 _^a ^JLp L>' Limbic system <j5dU jM~' j y.* y- yl' Amygdala 
jUi-l j\ electric signal < . ;; ^«l l iiJi' ^ ti y *->^4 { j^ SuJy yi" 

-X-»j jl y^|l ^y 4 J 9 *** y)' L^jLl ^yiM> (jL^aTl ^4jy» yilij 4~ L->,.S" 

«<a7 Ajiiiil <LjlJi 8 j^jUL) 4j yjJl y* ^1 j»-^ O' 

ij>' jl* .-)! OJ— 1j j-l— (J Sr* t)^-^ 0 * Aj-liii 4— >L>tjlj Ja^> jA\ c ‘$0 

oL l_>*^/! sjla v_J> j_*J j jJL_^-i s J l_a 5_» ^ j ; * t~ ( j5^ l_>! jl o 

Ji J--a; » jj-TII' ioLil a jj jdi JjJb. j' jy oU y»> JSsj" . Fenenstrations 

<_J y* — IaJLP 4j ^ y-d) £jA ^ y^- 48.1.^ T.-U 4 j<JLm)' 

_ JITjup , Li^tjLl 1 (_j y^ - ) tLijd' ^>ai.«« 11; JayjfJ — aL>L£ ^ 

Jo*- «iL j ^ip J-jJ Second massenger \ yd a)L- j -dys _ J»L* j^l' 'i* J*ii j 


M. 



,J) oLJjj^/ 1 oJL» j -b jii Ju-iijl i-^L^vOl 3JL*. ^ oli^jf ^iJL j£- 

Stimulating *~JlI ioill y* jl y[ ^1 p viAJi ^JUL" ^ j!>tj yy- 

^ LfbP jt jJL^r tj i^>jZ j* ol*il ijl^l 5 jj-i Jl Ji <^iil hormone 

^1 0^j«X_il j IU_A 4 .ill <~<lyvjl 0 yA jt* j . 44 J ^Jl ljbj»br (J^y»- 

^1p ^ jS- ^\ j Cells of the target gland 4*o^-il ioill bt>U- 

4j ^J \j «JL*<j JyLJj^l iJLi <y«yj jJ yj aju Jkxi I j-aj j aI. 2z.~.£, 0 yA JaOy . 0 y* l*i^J 

A^J y* C^tllyrT .«ly <*^jyt7 <J if^>\ L^J j)a OJL^JboJkl O-lill jl j\ ^lp (3^** 

. ~A^X>- 

^_U l J » : , t rt'.~ Ijy U j jjaT Six-, ydl 4....a«il U^ti-I of <^l ijLi^l jJj£ l£ j 

ajLjj Oj^Sj L* 4..ua«ll L^ji-1 ^y* . L$JI ajLi^l jjjL-Jl jl ji*^l aJL^p o>L y— « 

^_llj jl j_j^l Oy (J^ l ~ ~*: 7 ~ 4-ly- j»— J h Lfcjy£ 

jy->fr j( i»L; ji l-i^j ( y-T jyA j\ Seratonin oy'y'je— ) VW^" 0 ^ « jLp 

'} j*\ yj* J j> *^>UiPi 5jLfi ^1 p 4 4...4C l£UL 

j-jJj ^ y-^fya-JLUil 4-jLJI ijjU. Jl jj ^-dl ^ji-XT y JJ j*J <w.>^<3«ll 4jL^J ^y* jl ji'y I 

. jl y^|l C)y* y^ Si-L^b-Jkl 4jbL*il 4^>Ly«_lil aJLy- if yi.-,* ^ip 

jl ^ J— i oLJL— of (Jt-— L> jjLJl ^JaJa>»lll J^-i*il 

• ^ oU y j • jy t7j 














jl jj\ oLi y jk ijy *i j «— < Jh 1-i* CfcdJ 

1 C . t jjJ^ <->•»-■“ ^Jl s^. -/*»ll lj^>tii SOiiPiXl OljoUll las' j i^Jll 4j0jtil 4*>l>«jJl oL* J** 
* LtS' l.ji ~j <L*j^ va>L j'— * 4a>j( ^jLp Si^A*M oOa i^Ij^Lm* 

fj j\j i^l o ^ 4-»aX,l i—wliljl 4 _Jl^- 1 j*_— J>r ^JLp Sj-jJ^* i-iiL— J LwlP 5_J>- — \ 

Entemeuron affecting cell body of (RH) producing neuron. 

.*_■■ > d « l ' S-iLf' > jl jPj\ C)y jl jil ^1 p S " ^ i: - ' a p ’ S^ 5, - ^ 
Possible entemeuron affecting (RH) release at nerve ending . 
Lj^Cp- (^1 jl ^_i*)|l 0 j_> ^0_)1 ( j_*Oj ^lp S y y^+as- SJLp _ Y” 

AjOjtll 

Intemeuron affecting blood flow and avilability of(RH) to anterior pituitary cell 

. o j*Z> L> 4j>\j«jil ^lp l^Jl jl ,/a ^ - £ 

Neurons whose secretions act on pituitary cells directly . 


jlr*l JS^ <-^-"^1 (i^l '^A 

^j—JLC 4 — yi> o jft-iU ka—Jy (^oJlj 4jl>-l aO_A ,j (i RH) JLJjOil oOjJJ 4 ,:ll J j_j> jUi 

■ AjOiil ^b-cJl y l jcS''i! jjvil C)y jA jl _^lj fj-~JlS3l iJJl) y£-j ol.K,;, 1 ) yu * jjiil 
^iX-iS — i { - * ;* * 4jOi)l ^bXP ^lp 4*1 ■ (TRH) — Jl 0 ^a l* 

^ Jl Phosphatidylinositol -4,5- diphosphate (TPI ) -Si yS y Jl 

. Inositol triphosphate (IP 3) + diacylglycerol 

ji- i^bsJl 5 -Lp *lip ^Ip ^J>Lp 4 jJj Jfr £)( j^P 

^ (IP3 ) t } p l-*^! IXa y ^JbJl yS jil . cfll S^*w»lj 



i-bl-l fj% 4 y~* (Jl VV^J'k’V' {j+~3\£}\ 

•Exocytosis l> 4 ^' iL S joaJI a^u^Jl 

*-** ^ £i ,/*4 (TRH) v 0_^» jl 4i 0 j* j* (J - **^ J 1*1* 

1,2 - diacylglycerol <J' <4; j£j phosphatidylinositol 
. jlilt v-lii j Mammotrophs J' j phosphatidic acid 


Extracellular apaca 



Ml 



A J yji 50— Jt\ 

Thyroid gland 

: Jj 

jf jju J».; ./!♦ ( jjjiiM 1 -XpL» ) C->lil <3 i-ViJt 0 j£s 7 

0 -L_ft}l Jt . \ Q’*JiAA Jj J <J\ ji>\ *;-./< Sh ^o‘\jr U^J jj 

C)j£j u_ *j . <-_-iili j JlO-I ^-a l— (Isthmus) ^Uj» j 

j ojj cM^"^ »3 t-?ip j( u»w»ij jjp ^ jjOi 

. 10 Y • i \ o l jw ^JLil Ot— 

£-0 j£. 4-IO^Lp^ £^L-»rUil^j Ql — (Jj 4-— 0.1— a il £_* Ji 

* *;**' Ij 4-ijijLi^i (jy-tiil 




THYROID GLAND 


Superior parathyroid 
Lateral lobe of thyroid 

Inferior parathyroid 



Isthmus 


Mo 


Lateral view 


Front view 



uaj l 0 j-£z> S—JjjJ' aJ— <t3' il)f jJjI— Jl jjl ^ ^JaZij 

1 $ jA < j-a S/' a jAr' ^-3 p O'— aa!' £-JjJ . j - -* - ^ ^ L*-f’ ^1 j— jf O*- '■» 

C. .^ y JL T Cj . ^jj-> <1*— "ly ' OUdJtll ^J-^-» j <J1 4~*jaji3' 

Oj^^j i a«^ l \ oiii^ oLuu«di oU-jili uii ^ 4 * ^)j i w 

— * Ifl^ — i ^ oJbitf- glandular follicles a^jlp c/>L«<aj y- — a-^ai" 

5_j J lili j\ ,:»7j . o J_kii -L>\. ..li A-j*- ji ■ --■— (^jLjauJi 

^^p- 4 O'. <-->j.2 (3 cl^L*dJ ^A-' jJLP £_Ljj . ooiii 4.4.1a ^3'j 4 ...^" y3' 

t *^— 1' Lj^IjA.' oJL^'j 4 4 . 1a ^*p> 4i ^(1t 0 J • Q^Ji 4 Y • I IT • 

J>j • aJLJl ! ' JjI .U 4_arjj >_, ■->- ^1 ^JaJLil' ^1 ^*^1' ^jA 

j'j-*i jJ— «a> L/>UJO oi_» jj-icj - basement membrane * Ap b^U-' ai* 

. Ajjjjj' 0>U y jtA 

\ ' — »-* L£C>-' (Q^.^>Lj»T 0^ y 4 ..ijjJl aJL_*3' <*wof 0 

—lb ^ J ^-J'j Parafollicular cells aJLoj jU-l b*AA-'j Follicle cells aJuoj _ p*-l 
4 .1 . s3) y- tOliL-Jl' jf ^L *3J yL\ j\ jJr' ^Lp <Li^ 2 J j>-jlAr' Jjr jjj . C cells 

o' 1 ju3' j ^ <ya— Interfollicular spaces 

cl 4 ' 4. jj>r L_i3f^ j*_J iJtp O 4 ' j£ J) ^lp b^bi-' ».iJLL (I ^ ^1 4«?'.a.^ jZ~-*i>\ 

3i_ji_— Al ^j* L»^U-l dJJLr ol oJ US' a - glycerophosphate hydrogenase ( j U*- jj-jl* 
J**i c^Ail Calcitonin Oy ^\> O yu jl^J' juup O^y^ j' y\j ^b’l ^ 

. . 4J jijlA' i Jill ^P J UP 4 j f f y~~* ( jaJ&- 

<-i j03i aJLill A-.i.Uj «JL>>j ^ _< w >* jv_1*j l'j 4 jJL« 3' SJLaj jllC j 

j° : j • o Oy t* £j'jo Criptlike Spheroidal Structure y 



V 



J&) J 4aJ » £jA iL, Oi <~£ J^J 




*\ -sit ^i-\ (3 if Jj j' r C _J . AjL-£SJ <LJ^Ua}i 

lw>L«t 0 ^ilj 4jLaj^-l U^__jU *ij\j Jl jlM ijLp fall ,_ytj 

4 ; j — * il » jj — aJl (/jj— iii Jil— ~Jt jy-^j Thyroglobulins *-i j-ill oLiJ ^ ^ ^ 
4-JmP JjI .i» ^jJLp 5_J-Xill 4 1 ^A-l jS^j . S-jJjjJl oU J 4 

t^-ipLJil cj-Jrl jJa*> Ji-iJ visible Rough Endoplasmic Reticulum (RER) *-*w>tj 

«»llj ***'' t«L> ^ jJrA' oLpI yiil i_ 4 I <Jj^l il j) jl ' yy ^ 

^p-iJ «-Lu 2 j j £. I L^A>- tj jlf^r ^-L J ^rjjjl <_j-lj£ <3 

5 _-y-lill (_j a^lp y*j . 5 jjl ^yib ^ * _^ r _jil <Li> y i S > 

exocytic vesicles ^ jt yl ob UaA iL^^U LtjL* J . 

• u^j*jk*-jjy tj* fj^ 

. 4 ^ -^»J ijj^Uaii Ajlii-t S’ j ^llll £W>jJ J 



MV 



— J y 0 Interfollicular space y jjJl yJl L*f 
^_U '— ^ . Lymphocytes and Macrophages <3 ^Tt j Sj jU*J U^U 

o!>L^u ( j/j «; jwLj>r o jL_p ^ ^ ^*1^- 

^^JLp — OLj^-^M *> j - — ^1-0 ) y {£ -Vi UT . 4-^la- ^S \ ‘ ~ 

• AJjJlil dJjJl j AMM^Jt M * Ami jAmI! A«Lxit jf ^Tim) 0jvA^ ^ly>l 

. LijjJl 5-Viil j yo y £^Uail L]a-jai£ j 



blood vessel in connective 
tissue stroma 



simple cuboidat epithelium 


follicle 




• * * I * I 

endocrine secretion - \J^jS ij *U j Ij-I I 
colloid occumulouneUt^i | . 

the follicle 

basement membrane — \J t *LlJ 


t hit is very thin: some authorities 
deny us existence 


: Embrionic Development Ujjkij 5*uJl \*Ll» 

jj ^>r jL-^ jjji ^ Am. - . J-l ( J^»4 jil (j oJLiil LiJj 

jf VmO _ jlll I Litlii j ^ Am* jw L l l <_J j^* A m»L*^1 *1 

Oi^ y Ji £y»a ti-k» j-Jl ^ vliii a*r Ua j-ju-j . Thyroid diverticulum 


UA 



v<;r i!>ls jThyroglossal duct v ^ j »jl £» 
£■ jjill 0_y^J L^jl* ^LlJI f jJr-l Ijltf-L* 3>UjLll 4~jJ?\ j\ 

O'-Uil 5a_*il ^^-uai Fore gut 5— -> l »X\«, <aail Jmj l * j u ^L-Jl 

^-Jrl ^LjaJl yc ; .- 'J l L» .^jz/jj 5_jl 4 •-'i ail <^ £ " 

. ^ll)l ^Ja-luscjt fljj-uaj L» 

V^Slt (' -> t) jjj O) -* *W*M (T) -» Jl jjjJ' £>*(*) 




ai^ ^Li-N-31 iup L* 
®*Aill ^-uai l 



4-J^la* - JL— 4 _mA ^ -l^- o <--i-drl ^ ^j} 4_j-Ai}l t^OL*aj^A-l 0 

L^j o Cell nests or mass cells \ j^- j\ jf J ^iiii a** 

. ajJliJl i ~ j*\t . J^j, 5j j^iil O^lllj 

. JUil j dJUi j> j^aj {fsj 








: Blood Supply ®JUdJ ^ j*jJl ^IJL- *V1 

Thyroid artries j*d' ^ Sjili yJl ^ .jIjl.^1 ^ 

gs-»j-d' OWy—^'j Superior Thyroid Artery (ST A) <£/<d' ^j-d' OL. ydl (TA) 

il - ^ L-^aj Inferior Thyroid Artery (ITA) ^Li- H 

. Aortic arch jf ^ jjty u"j* <y a jj-^. <^-dl Common caroted artry (CCA) 

: V^' V jOi\ Si jjN' <Ji jP aJill {jA < yii ^ (£Ju j^Jl ^ 

Superior Thyroid Vein </ j*dl -Lj^Jl ( > 
Middle Thyroid Vein i*- ^j-d' ( T 

Inferior Thyroid Vein (T 

Internal Jugular Vein ,^h4.dt <J} <T>bil Li jjJl ojjjSl' «i> JT v_-aaJ j 

I 1.1a .la i£ 4-ij-lJl oJjilj jj j~aH 



1) Anterior Thyroid Arteiy 2) Posterior Thyroid Arter 3) Common Caroted Artery 
4) Sub-Clavian artery 5)Aortic Arch 6) Anterior Thyroid Vein 7)MiddleThyroid 
Vein 8)Posterior Thyroid Vein 9)lntemal jugular vein 1 0) Sub-clavian vein 1 1 ) 
Anterior vena cava 12) Innomenate vein. 

^ ' (j-* i-LiM Xsi A ...janW ^ lan-* Ol 

Sympathatic post ganglionic non mylinated nerve fi- p— ^ jjASj -u i> 

Superior cervical ganglia * — t cy bres 

. oU iUU-l O^Lulj -U .^- j -LyS-lj L^* JJi J . 4j i-P jSll £> 


^ 0 ^ 



Thyroid Hormones 


JjJjJl ^lp joll5i jj5 ^ jjS i-j y jM AjijjJi S-XiK y_^ t> l 7 

(Jj_fc» 1 <j ^ la ‘«7 CJ ^Jait o*_— jty ^•.— «-* ^-U yJl 

o»!>LjaPj *J£L*l o^L-iuul j^-^JiThe Basal Metabolic Rate (BMR) 

ijj-lil aJjJI jjt j* .Jaa) o*— jty *_-Lul 

jl_«j i-l I.^jo j iiUaM <jU jlpL«M (Jjbt* » Jyuj 

L».Iv».T . — It ,jvs *- j ..—‘Cty < y* J_r £-• v-— Ui jAj . {j* ^{^31^1 

<_£jjjL5”" yLJiil 0>l-U>- jt t ^~.fc jjjuj (p—j4 - - ■« jt o-L~llj 

* 

5--i jail o-Utli yii-l (BMR) <jl _^4^)b 


: <j (BMR) <Jl oL»L 5 £w»y <^-Ui ,y 


BMR <JI (^y»« * 

<pL- 


rw* 

./ 

jo jjiir _^r t . 

:r. 


/ 

\ • 

: 1 y 

a* 

4 pL^ 


>* 

JfQ i g J jpiS’j^S' Y 0 

:Y • 

<pL- 


>* 


:*i • 


Li jjJI « Jill -WLsJ o*-yj 

Euthyroid male v j*^ j 

Euthyroid femalev j-dl o-iill L*J<* it y l 
Hvpothyroid 3-ij-iil ijill J?LiJ ^aJLi 
Hyperthyroid v j-^' y 








Triiodothyronine (T3) * ^ (T4) Oi— 5" jjd\ ja JT >*jj 

• jjl £jA oljj 4j^t» jl 4*)j( ^lp ^Jlj . Oj-i!l C>L ' jA jM 

. J 3 j_Jl < j_* i— -ilS^ a .»*T j» y JLp 5-ijjJI oJjiil <Jpj 

y>_jl >^>V «/i> vl. ...•>— Jl (J-L*> y* «■ j( ^ a ^Jl*j j 

Jojw Ji lil Ot-J^fi j viiii Li joit ajjjl j j+z—a ^uaj j*j Endemic goiter 

^Jp JjLi ®j> £>Ap 1 (j f\ j*'}^** o • :Y • ^p ij 3ji>\ 

• *** "* J5"" ^lp y t jy& 

£.\y> 6jy*tf ^^ip AjJlp <»«i ^JLP ®«AiJl (^ y^J 

j ojlit (j 1 j --*■ 5 j JLill i ~ . /-»j ^J 4 Jp-ta viiii 

US — ^JJS^ ij *1^ £_'>}' J 5 ij>i' «-sU_il j CVJ^ 

. t 

jiyJ 0y& -sj-M £-a sjL^^j .o-UiL; ^ — J^il Oyjjj-il j>j Thyroglobulin 

K->yM <-vS/' <£ y*k i-S y j+j lodothyroglobulin Os* j* j^jj* 

*-* j J »— *—L>t_j . "/. ^ ♦ Jl * * ■;■ * ■ ’ J-^ Ol^ ^ 

</^V* • V • • • J • • * Ji V •;• • • UH ^-* 

0s->*^ JjL-^iitjHistidin Jju L-^S/t ^ Jj-uil ^1 p jJ j-j 

Tyrosine oojjs — Arginine o± — ^ j^/'j Lysine Os-— d^j Phenylalanin 

Alanine Os-'^'^b Methionine c.v*^j Leusine Jy- j^'jTryptophane 


{ jl* o jl ^>-1 ^Js- y >- Jai Valine 0^^'j Cystine jo— -Jl j Glycine Oi— i^' j 

. L - histidine, L - thyronine , L - tyrosine : ^ *~r*' 0 *^ Cr* 
viilij OjAj* °jj~* Ji tfi* Nj •aiii J OiJ^i 

JJiS- Proteolytic enzymes oLJjjJQ LLL^I ^\£y^\ Lla— 1 ^ <li_a£ juu 



£r* jj** Protease jUjjJI fiy 1 i> Jiil cJ^k**cuj^-\ J>-b ^ y> 

— [A yfr j , JJL— Jl jJij Oiilt Q>*>1 .nt y> Jb 5 ;la.U 4_J^Uail U^ti4 

Iodinated Tyro- »U— 14 i i y£\ y jo op jvi ^ 

. Mono and Di - iodotyrosine (MIT ) and (DIT) J*-iJ ^ j syl 
{j-A 4-J-L*jl cO^UwtfU ( J__ P y Jjjill JJLtf- jCMJJ 

J— ^ JL j \ j . 4_Oj-lM ol J j\ ^-* 1 ^ \_A ji 

4-ss«-I> U» y*J 4 4_JbU ^J-^-b Jl (J y*~^ Oxj O^Js> 

J-^b J>--bj Endocytosis j' jt (^ JMaiI \ 4jU*J 

4_0rl^l 4_JbM gl .~P 4_blS" ^lJL*t A. !. * ^Lp 0-»l t3i«r^ t3i cf^ - ^ -^i j^U b^bi-l 
CO l— pi JiO I ~jf’ 4-iji-t ^J^b ^JJUji <0>i jJ as (J y~^ ^Lp ^4*J ^Jij 4 1 «Sii jX-\ f- I jiS 

J-^-b c-»b jyiil ^ ty*- J y* p* US' phagocytic reabsorption ^4^1 ^Uao^i 
4— it micropinocytosis ^Uao^b *J»yu U jjy» ^ iJLaj jJ4 b>bi-l 

4.. U p j ^ •«L»^(1 ^«>- 1 li j*' >_ ,«b (_j j^«S' JUi^l '^ L ~* r y. 

o — £■ jJLb j 4_jjJiH cjL> y jt* j! ^ ^biuj aJLoj b^bi-l ^J^-b o->b 
LLii oL^t ^Jlp Aj^jiil (.ia^Usa L^U' gl (JUi>-l J&rjt US' 

-U «1 ^)t U ■>- j) J_ii J .Lj^t>*l *11* Ajjjiil oLJ-i J ^i-Jb 4J^U U i JLpr 

ji j-i\j J-* 3 ^ di J-i Colchicine iUUil jj oL-jSf' J-Uj 

C-'U ^_^jjJl] 1 JUbL^o U* 0^l_Pj I jjk . 4 j -X i3l 0>^UflJ ji~S b^U- y 'ujjJbl o -Xi3i oli y y> 

^pJb Lf UUaj j£~\ b^bLl jJ^-b *jjy&\ c ~>\ ^Usib ISJ j Uffbjjl <Uj y Lysosomes 

. jjvi y> jjjii) ^y AJ^oil a-b«]l ob y y* y (3 l jji U jt j 



: aJ yJi ojudt &\jyyk y 

oi £ y\ ^ jj jt j»\j if t oLiiii ^ AJjjji 

L - 3,5,3', 5' tetraiodothyronine (T4) •> jJl ,yl *j Oy jf y 

thyronine <jy L - 3,5,3' triiodothyronine (Tj) ^ Oy 'j 

> h . * - ;W v jjJl oU ^ 4 y iodinated series *LA* j > yj 

. 4 - ( 4’- hydroxyphenoxy ) - L - phenylalanine « jLp oyjj^'j 

<~-~f y JSL^II j l— ^ j iJUtuil Aromatic rings Oi^y**^ 

. lf*r>Upj v^y yi siJUU triiodothyronine ^ j-J' y^ Oy jj^ 


\oe 




^1 p jjl oU y jX *.a ; U jjlj L.J" jJl <a^L 1.1 .ol—lj jjl o 34UI J-SJ 

y <-' 1 ^-lp C-»U y jX y jX\ J» i..t.‘l l OjII w»li' jil ft! ''T J yj 

d y-i ojI ji ^Jlp Jji jJI jloi* ^1 p ^ Central lipophilic core v—* 

<•' » ; ! ^ . «lt (_j \SPy*£j l Ojl J j tjJj iflllj 0^— Vi P d l f l 0 l r 

k_-5" jjl <j UjJlj. Uj jjb*- ^-^Ic olp j y julJI i J> Jol>\ -Up anionic groups 

V-U* . L> y>r ^ y^\ (j y-S'jJii Uj j-U»- o LJ jOil oli y jX ytjX?\ 

’# i 'T t o i T plijf 0 ji olji ^1 p i jJl jt j^LlJl jf pjjdl 

alanine side *- r'LM Oi-'Vty *1— 1— JL* » <-i UT ^*-^1 ^ -a—-* Jii 
jf propionate jf acetate uj^Ap jf formate o>L.jy ip U chain 

UL* jl .!» pLJi j J ^ y L-ip-^l U-> J-U- pyTUvate u->L»jjrj 

y-iii y> aj y ^!l Ether Link Sjj^M Ak)l J>\ Uajt J&.j . -tLiuJl 

oU y jX i j-fliT ^ULj 0*4v jf *~ij& j. two phenolic rings 

. ,3*1—11 ^J1 ^ Ja«; lojjt i-ij-lll 

#jj ^Jp Jj ^JLp i^yj^ V J»L— iil oil ol S ' ^ll - u» j 

tr^ ^ y J»Li*dl y 4-IVp ot- jjj (5') 0y 

i— - ^~yt o>-l.ill y* HsLUj ^.iS T (Tj) (Jl 0 <Jpj . IAa ^ip <lil 

^j-JI-Uil Ky^Xi j\ a— *Lj UjLjT jil 0 y£j l—A^" . UjIj— • A I 0 jljliC. (T4) 

^-1p «-5 yyr 0 jt r 0 ^-i U jI ji viJLL" y JuJi j( i yj 

■ yy~^~ ^ -/^ iSj^ y <5LLi 

^jjl j jt oijUll dJjt]! j A JaaV«-i> *^j\jS' yj <a1i9«11 tjyeu (Tj) <Jl *A^ji j 



• (T4) £r* *ji ® j ^ Cij&i 

(T4) J* j' (Tj) J' ,j — * vii-iiU 

<— Tri or Tetra - iodolhyroacetic acid ^ (TRIAC or TETRAC ) p—k 
a—p deamination y£ £j_J o*^ 0 J>jJ L^jt i 

• (T3) jf (T4 ) v-L-ty oLT jii ^ decarboxylation u 4 *-*^ ^ 

J ijy * ^uJ t-L^i j-u Ijlii ^j^ip>%Jbj 1JL& 


t 

Percentage of thyroxine-like activity 



Goiter 




Compound 

prevention 

Calorigenic 

Other 

Comments 

lodinated thyronines 





L-Thvroxine 

100 

100 



3,5,3'-Triiodo-L-thyronine 

500-800 

300-500 



3,3',5’-Triiodo-L-thvronine 

<1 

<1 



3,3'-Diiodo-DL-thyronine 

<1 

<3 



3-lodo-DL-thyronine 

3' or 5' position phenolic ring 
substituents 

<2 

<2 



3',5'-Dibromo-3,5-diiodothyronine 

7-10 




3'-Bromo-3,5-diiodothyronine 

130-200 




3',5'-Dichloro-3.5-diiodo-L-thyronme 

15-27 




3'-Chloro-3,5-diiodo-L-thyronme 

3 or 5 position phenolic ring 
substituents 

27 




3,5-Dibromo-3'.5'-diiodo-DL-thyronine 


12 



3. 5-Dichloro-3',5'-diiodoHL- thyronine 
Side chain alterations 


0,2 



3,5,3',5'-Tetraiodothvroacetic acid 

57 

10-15 



3,5,3', 5'-Tetraiodothyropvru vie acid 
4'-Pbenolic hydroxyl substituents 

75 

10-20 



OMethyl-DL-thyroxine 


50 

5 

in myxedema 





patients 

Altered ether linkage 





Thyroxine sulfur analog 



>10 

In myxedema 





patients 

3,5-Diiodo-4-(3',5'-diiodo-4'-hvdroxy- 



<0.3 

Rat heart rate 

phenyl)-DL-phenylalanine 








: Iodide Metabolism : d— — jJl J-ig 

JL ?rjt it- tlJUtil 3 * >jJl Cj* ^lx»^|l JU- ijijjil CjU y> j* yA^- •! • ?*> 

*Ul-S/' jiJ* tf- (iodine) -s ^ i y*x . v j*dl iJjS\ J p~Jr\ ly ^ '/. 1 

3 dJLii juu inorganic iodide tf ±>„* y& Jio . ju^ Jl <ll_p=-l -u* 

^ O t A L^j^J j JLj^ ^Jl ^..JLj 1 <.!.;> . Uj)L!I £jA 4P y*-£ A^L^>\jl 

j fl J ~' r A I "l Jl J-A- (jyjj}-llj <■ J b .« 7 jil O Oj£j jJlJJL* \ • • / ^1 
J-p^-u of Jl SJLs*iJI ol j U'-Ll -jt a1.«.1..j 4 -ij.iJi SjUtii Jl <1 Jju j i^Jl . jJLUL- 

I JL 1 » ■♦ djl Jftil-l yjJJL ^yi.-*Aj flJLiJl cIjL y> jM ^j ) j (3 

jf Ja .till JULJ^l { J—j ^j. £■ a-XJtli kA^u yi-\ LpliM Jl jA\ ( \ 

. Active transport jLUil 

Iodotvrosine L ^ c4 y> Oxjji J Tyrosyl JjjjjclL a_Jl o^o (Y 
. (T 4 ) Jlj (Tj) J' <Aj£A jAjsfjL* ~j_p~k J^-U Iodoturosines J' jA^s (Y" 

®jj— * (T4) d'j CT3) J' j'j — -^-1 £» Jl— ^ ( * 

. #/- Iodothyronines J'j Iodotyrosines 
W^- J->-U Iodotyrosines J' oLT ^ -y *jA\ ^ ^JUll ^ jA\ ^ (o 

. y*-\ 5 oLi ja ji>\ l jA£j 'jj 3 o-l*ll 3 cl -pLuaj jJ-l 

: Iodide Transport J' J' hi\ 

<la .«! ji 4_j JLiJt ^i> JpL_ill g\ .»*,}! Jjilj 

V— iJjjJI 3 ^ 5-~— Jl cIjL^Sv]! ^JlTj Active Transport JUiii jl JxiJl 
(T) Jl y*j£-#- ( T : P ) J» J (T:S) v-Jb Up Ul jf rja -JJ 

o^J \ : T-- T • Ujt>L_Jl Jl (P) J1 Jf> J1 Jl (S) Jl j Thyroid J» Jl 


^o^ 



yij - (3 (j^ 4 * <— 3jjb •— *^ N • V" • • (3^ A-* ; .lal' <J*jj\a}\ 

jl ^ kIJj. jl £- j-Xlli J-> b^bbt (j oj-f jjj 

^ i j-Jl) y ^ jilt ( _ r ~A» J’-AJ j l jjfc J} b*Uk u>* ATPase J'j f 

. 4 « ..tltj (_> JjJ. 1 f UiJiJiSjji-Lirl b^bbljobdll i-liM jV -lill iJlill b^b**- 

V >IaJ1 j~* jjjXS (TSH) J' J* (Thyrotropin) Cxjs jj^' ^>y j* j&h j 

oJL-iii 4 jJLa)I s^^LmOj b^b 1 i <_) y~^ j> y> ^ _ yz* * *^ 5j“btJl 

. b^bi-l Jib' Jt J ^ Jjlo cAMP Jl va US' <SjjS\ 

4-jj» IwJ 0^_» 5__i jdi) 5 j JjJl c^t>b»aj ^i4 b^>- J> ^Jt J ^*0 ^ 4jl JLa**j j 

t JL-A (3 ai j_jr jii 4_J J^*ll il 4_J JLall al./»j ^pi4 j% j 0_)j^ ^ b^Ai-t jib J\P il y*£ 

a>ir' j ^b_» iaj^' OyjJ^' Jr'* £_J* ^ J i Jj ^ ,/ 0^1' (l O 'if) . 

. 4j Jbii ALaj j>-\ j* tS (j* <£jj^ 

: Mechanism of Iodination *1 Jl' v^Jl>L» 

jl J_ J j 4 j-l*1I 5La) ji-1 5J>- ^ a! ^ j Jju Iodide _»-M aJL-5"1 j*-i> 

; aJ^/t ala bill ^ Vi U5" (jbjy^Jl z jkj j-p- Organification A> jjutll b^aII J' 

2 1 h + 2 e' 

^ <-4B jLi-^ ioJri ^lT >1 ^ H 2 O 2 J'j 02 J' QA & 

jlTjj \-a ^ iiL»j PH7 iodine ^ Ji iodide jj* _>i' ix-Jl 

j b—J j v jjJL) i> Jiiil ^->t>Laj y~\ b*>b^ j ^‘i Peroxidase j\jS piy'i 


, y L^i 4^L%-p 

p ■ - Jp>* Jjl aUjil Alsu Jj* iodide jj* J ^ J^o 

i j ,j H2O2 ila,., j> aJIp a*\ a^j <. ijjJl aJl*)l (J i y*- ^ll jj 2 y—i' au-^i^ 



j*j j (Tyrosyl) ^.y\ f (*j>1 

j|jL_-i' Jjjl J_*i, II_J y^l II* ai J (Tyr. TG) JW Jcp^.U 

iJU-l ^jli intermolecular oLi^I-l intramolecular ud y> xj.y- J^b 

4 lli'l J) L>t . ij±l Jzi jbr Jj&-SJl (J— ^b -Mjj^|l jJpIjW jlJL-T JJfrJl -i* JjSM 

■Jl t 4 d C-»^l jC ^ ■ I .■Iff a 1- m*l,«* 

diiodo- p - hydroxyphenylpyrovic J \j p- hydroxyphenylpyrovic acid (HPPA) 
s — ^ y cn ijl js- 3 ^' (DIHPPA) c3b i ^Lai^i <J yy (^Uij yj. 

v_ — f ^ (hydroperoxide)^*'-'* x — ^ j— ^ » jl— ^ (DIHPHPO) J' 

jJLaI jl ^ j diiodotyrosine (DIT) Jl xj-y* £* (DIHPPA) 

. U ■% m.\ (T 4 ) jj±£\ 


pfWJXttiasr 



MCACTIW 


UN 


M.OOO 1 4 * Tj 



^ Ip ^ cL » p j buj oJjill ^ jIjLm^ jjJl ^j^(| iljkJwj 

Jfr-*' 0^ ^ ^jiPj . j (jdjjji^ 

UJ IjLai^i \jvjj JpUJI ti> OjoJ. 4 La o( 0^1 <i jy ^ 

Enzyme • bound iodinium ( E - 1+) (\ 

Iodinium (1+) ( j-~i * Ji (T~) jj * jJl ix-£l J*Udl ^ ^ UiJl ii> J— 

(1+) £»j\— J ^_J l JL^O j)__i . j_43^l JjctJ <a«*Zj J-Laj viJJij 

JpLiJl Vi_* j J-^j • oLi_^ OOJJ^' <J^ 

^yajiJ <J j-di iLiii ^Uadl li> £**ji j iodinase jlJL— ^ 

• J L* . thiourea thiouracil Ji* 



: Formation of Molecular Iodine * jt ^ (T 

viJLi i JL>u j-tjl <^-LJl 2 j\Ju~S" (j* f i^J 

O’wsjj u^jttjb’jj^ oU l y+-* 9 




: Enzyme - bound Radical ( E - 1° ) as Iodinating Species (T 

ji- U -.- S *' jjtJl Jl <J y#-*j Ol**' 9 ^ I-Xa <j} 

(Tyrosyl — Tyrosyl radical ) *a— O: (I” 1° ) 


: U ykj (iodotyrosine) jj jjjy -**» O^So 

O' 




JL. .,<rt J j£j LaI ..<a : a C. ^Jl ( y\ jjJl 4_JL oSh ' '* j—*i ^ J 

S$ J^'y 1 ' x i‘ x ^ £r*^ ^ ^i- iJjjJJ Aj-ljtii O^C<aj (3 
Monoicxlotyrosine (MIT) •> y^ yjj^ ji ^ J[ JpU; Jjt -la~s 

L-fcT u jjil ioili Jl J^o J.1ju» (TSH) Jl tiyjV. £t*^ J Vij 
Oj-i (H 2 O 2 ) yy JL— Tt (j jJ i— 5” Jl tiyJA 1-iA i.sU-1 S-sljjll i^*Jt 

Je yp {£2 j_Ji jl -1 _a^|1 y-JJuj . oJ idl J>-I.i ^ jJl JULi^ y tA <L^-Lma-» OiL J 

(MIT) 3j — Jl Jjjjlil yj i 4«ri;ll Ky ji -ill J*l^*il j»-aI y JL>-lj jM f.1 JLkJl 

/ On *"1 --»H flu_«jl yj ^0 yp ilJL yj\ <_jL-P A 1\_>- . 

*j-3\ c^jOO ^ *— Jl OkT iodotyrosine / iodothyronine Oyjjyyji^ 

. MIT / DIT a ^ yj jjS I / 

(iodination) OJjLt « . ; :7 Jl (iodide) jy y-^ j O' A*-»- _J JlAJj 

(Wolff - Chaikofif effect) wO^SOj. v_a!jj jOb> j O Os^^ri _J0*-jj^l 

Oi*^— 2 J Jj-l Ljt>0^ J-jO^ Ji jjJ^-Jl jLiil ,^JLp ^JUL-Jl y £~jj <L>j~ip~ Jl ijJJi 

, J^Os J-L*> y\j&-\ t AJ^JllI AjJLiil 

: Iodothyronine Formation jl 

Tyrosyl iodination O-l^’ Jlp iij-J-t *±j yJ\ «;b‘ o ^ikt uii 

(^jj-i)i (Jl •- JL_LPj 4 -ijJlli A_j JLiil 0^1 l Ij^A- y aJ| tL-iJtll j\ 

ijyM j jlo-— TjjJl f->.y\ > j-^-j ^ j o UT Colloid interface 

*^S " a ipj JUrfOAi^/l v_-> y ijJuLdl »j jyju Aif jJ-j j . AjjL^tiJ 

. ^^lj (. ^JLll 4j Jjtll <L adU jj>-1 ^J^l^ JLl*J»l jl^)l ( ^*-Lail 

O-i jt -i^p MIT - DIT - Tj and T 4 y ^ Cf-J^ J-i*-* 

DIT / Mil v - -O' jf *JLy\ o^lplir y J& y- Ol^ U^JtiJ^JJ^ 

j>**i j (T 4 + T 3 ) / (DIT + MIT) Ou V-^' j T 4 / Tj Oy v~^ j 



3-JLLSJt jvjjjjj-AJlj jUL^n ^ jw< of O'Jjtdl it 

l j-ij£j j—*» Secondary coupling — "tl ^-Iji jt . <iM_jtzU 

Oj-^i (DIT) jf (MIT) oisl *t^» iodotyrosine 

^t-i j jf triiodothyronine (Tj) i jS\ OlSl * 1 iodotyronine Oy jjy 

covalently bond ~ j tj-J 9 if JJLbjtetraiodothyronin (T 4 or Thyroxine ) 
4 » * ^j-1p ^*1 4— Jllrl iL—JLJt Jjbj (Jt waa it (DIT) J (Mil) 0?. j 

(* — . ^tji j^l U> IfL* k_~s£ olijjy jt dehydroalanine 

: U> {jtJu Jau 0 £T tji j)j\ 

. Intramolecular coupling J>-b ^tji jy\ ( \ 

. Intermolecular coupling ^ C& (T 

: J*b : ?jf 

'J-S- (T 4 ) Jy— s' jjjJl 0-IJ& J^j*\ Ji ^ J'V-dt (jA J&h iJbA 

3-i> i-ryt o'Spuuii j_ir 0 . (dit ^Ji ju ^.y* j^b ^jjdt but 



Uo 



£_ y j»JjJi <k--^ v jS^j 

j-ij&i b. iodotyrosyi ^ p* _/ olip ji j>~ : Jl i/^Ji J— <y* 
* £' '-Hd **h >, / Oy~-b,t Oy jp -^jij- iodothyronine Oyjjy^ji^i 
Oy jjsJ' yJi-» J_>-b two DIT radicals ^*b‘ ^ jjj; — Jl Oi — ^ o* j^ 7 0 

. jl-L-^TjjJl J*ii 5j^5' jJJij Protein Matrix 
J^j £ MIT DIT Ji *1 — *-ij J* (DIT) Ji ,y* Oy^ -W ^j- 3 ji (T 

bi jj (split) pi vp*- (I — ojT j*J* j J^b) quinol ether pj 

. dehydroalanine Oy^jj-Arte- 3 ^ serine ji 
T3 Ji £—■ i bS” T4 J' J Ce— £ (DIT) Ji pji p '-*■* 

• MIT pJ DIT p P ^ip j\ p 

: Cy gjpj?* : 

j*— -tj DIT Ji 4jl_ ( p Oy***' ^rij^jl -tip ^ i-A— * | 'b*b » — j 

(T 4 ) Oi — ^ j-i 3, 5 - diiodo - 4 - hydroxyphenylpyrovic acid (DIHPPA) 
pjjjS— Ji (►dj 7 ! a!su« ti-'-U 3 JpbJ <te*-i‘p-i (DIT) Ji <p (DIHPPA) Ji Oj&ij 
£} j- 3 p* £_ pi i*A-* '-b*A_si j Tyrosine Aminotransferase jl P— I y pi 
H 2 O 2 J' Sis — jt J — Tti* ^11 j enol form bK^i ^ j^> Ji (DIHPPA) Ji Ji 
T 4 J DIT J bb £ji ji hydroperoxide Ji « Ji jlp-S" jjbi 

i i> J& pa pdj j Ja — JL b-J — ^ $OT p 2J b J__r p» 

: Jbii pdl JLp iLf jjJi oil ji j JL x Ji 

oJiiib ^ jpr jii j jJl J (Tj and T4 ) bijj^i oJLjtii c-*U j* jM ^ j£j 

.(Peroxidase) jl-i;— T jjJl j^Jlr Iodine Ji * Ji Iodideji »jj** <y 



(Tyrosine) jm ja Sj *-\j i y 

Monoiodotyrosine (MIT) -i ^ :>_jJ ^^U-i LT,> 0 

i j^\ ylS \S jA U j*-\ iji iji a> Jt>o (^JUl 

. Diiodotyrosine (DIT) 

L S jA U J^A (DIT) Jl ja ij Ij*- £* (MIT) Jt ja lyy* 

-*— *w • Triiodothyronine (Tj) J» yu ( Thyronine ) a? j* 

. 3-jUA a - aminopropionic acid Ji ali 

a - aminopropionic acid <J' <LJL- oii £• (DIT) J* ja -^! '^i L*f 

p I ) j—fu ^->SM JA ijJi LT jA JjLS-U \axJL> C)j£^± <1^ 4-Jl>rl 

(Thyroxine) Oi — <►— k ^yj* j*J Tetraiodothyronine (T^) 

(MIT) and <j> j ~ aiLsiU * c-CA^LiJ y. ^A>L-i 1 — *-i zjy j 

• (T4) jySjy . 31 'jijXA (DIT) J' j> Lrky* y (DIT) 


Blood iodide (I - ) — ??P ea ■ < Thyroidal I • 


lOdir* 

cxulwng 

svSJpm 


active 
transpor i 


p*fcxraas. 
o» caiaia&c 


\ 

— . I. + 2 e- ~ HO — ^ >— CH 2 — CH— COOH 

NH 2 

Tyrosine 


HO — i, ,r- CH.— CH-COOH HO — ( — CH»— CH — COOH 


NH, 


Monoiodotyrosim 

MIT 


\ // 

I 


NH~ 


Diiodotyrosine 

DIT 


HO— ( \-j-CHj— CH— COOH] + [h] 0-{ V-CH 2 — CH-COOH 

\ 1 NH» | NK ; 


DIT 

(minus alpte 
aminopropionic 
acid) 


DIT 

(minus H) 


-«a ir— 0 — C ^ — CH* — CH — COOH 

\ r \_j . 

| NH* 

Thyroxin 

T, 


nv 



f (MIT) - (DIT) & JT I Ju-i Jbil JSLiJl U 

• (tnac) Jl od^'j ^ J~V (T 3 ) and (T 4 ) ^ JT oVUM 


/A 



CHj-CH-NHj 

COOH 


phenylalanine 


OH 

HO-^A-CH.-OyNH, HO-fV 

dopamine 

oxidation 


HO \a-U-CH-NH, 
\=/ COOH 

tyrosine 

I 

oxidation 
OH * 


I 


CHj-CH - NHj 
COOH 

DOPA 

{dihydroxy phenylalanine) 


OH 


Hoi^AcH-CHj-NH, 

\=/ OH 
noradrenaline 

I 

mothyfation 


HO r\ ?H . CHi ., H 

\=/ OH CHj 
adrenaline 

I 

methylation 



3 * methoxy - A- hydroxy 
mandelic acid 



: iiyjl CJUyyfc jt^J 

J i j_JU o-liil Jjl*> jJalJ ^Jl 

0 j-* ^ u-.u jv_jLiH ■ ~ - ■£■ i-jijjJl ol_> j* jt* i j-j j£s!i oVl^l— *Ji iiijfr J ^ ^Jl 

iii-» Thyrotrophic Stimulating Hormone (TSH) v yd' 5-viU vil Sj-iill ^L*Ji 
Ar*i ojUj Ji .illi 0 i» <->4— ^ s_-— <^/ pill c $j&- 

L*^ . ..ifT* ^j—A Jjj( jl AjjJl ^ixi (TSH) j 4^>b^0l 

jf c_3LSjI yJi j •y-Sjj Sj*- ji ^L»7 jjj v j-dl ^ jja^l Oy ./* j[ AjU j ^->.*. 7 

ji ^_*i JJL*> OJLi.il L*-7 ^JoJdaL^ i-j-lili S—*b*Ji ( j-» (TSH) J' ji <J-Lfc» JUiiJ 

• aJLill -jA jS^ jjUl 

J 4*.- Thyrotrophic Releasing Hormone (TRH) ^-UVtf _?-U' ^yj* j*kij 
0 -* -i-j *- jjj . 4 jaiil S- 4 UJI J Thyrotrophs J' UVl>- ^ (TSH) J* j' yi 

j( Vi ^U JJ-I j (TRH) Ji ji j-ii J-l~ -Uy jj^\ of Ji U JJVUt 

Oij~>-i JL£ Uj^|l o.Uf US'. OVI y - jjp 5 ykUaJll oJl* f 

(TRH) Ji js-?f7 4< ^ JjV' j&fc ^ Jii (T 3 ) Ji J^ of 

*4-»i*o-^f (T 3 ) Ji Oi— Jj-^ ijjj-j* ^Js- li> *aS* jij . (TSH) Ji jiyi 

il7 i-5sJl^L> Jy ^ j . ^L*Vij Alj i^bUl »Jjkl JLt jw/ ii:il jwllit 

ias-i Oj^j jofJi li* of <?f Vi • OV' -i5"y j^p Vj-^i «-**!' Jds- (TSH) Ji 
0 * Ji Adinosin Tri - Posphate (ATP) j jji J, ^ 1 p 0 jJlii 

Ji J-*i ja-^^/i O— - 5 - Adinosin Mono - Phosphate (AMP) o>U— ^iii ^b-f 

Ji jcjij (Ji OVi ^ ^Jj*a jjiii j^JiJi iJLft -lij . 5-ijJkii oJLiM ^Js- (TSH) 
Phosphorilation « y-i ^ J ^ <^iii Protein Kinase Ji .!■■ - i l (AMP) 




. lii.ii ^ jlpLmo Ijf j tS'j+A 

, OjLftjJ ( ^,^1fil t jJ ^li»l ^ jlgnllj ^ fl M — ^ Ji. 


Neural Signals 


THYROTROPHIC 

COMPLEX 



Hypophyseal 

Portal 

Vessels 

TSHRF 


Adenohypophysis 


®TSH 


Inhibition 


(Oxidase) 


THYROID CELL 


Via\ 

G L \ 
Tract \ 


i !- i u , lodinated(J lod othyronyU<T 

A Trap - - — - — y |, 0--’>" ► Groups ' S ‘x 

/ : ;V. Tyrosine j ° roups (T, T,) \ 

t i - / (MIT, DiT) / t 3 - 

i (Deiodinase) Thvrcglobuiin I 

! -V ' ■ . j 

j (Protease) I 


'i. 

Circulating 

hor.nor'.e 


i urinary \ 
excretion \ 


TARGET CELL 


Y I 

U I 


‘^Metabolic effect 


W 




^y>\ ^»Za\ f j*j> aJLiil » 1 aJL>~ a-l_j JLitJl ol jOuj 

U*>UA j t jj^dl <ji 5jiji-l o*>UU; j <l.tCj (Iodide) 

(TSH) 4j fcijtll o Jik a*JlI 4^*j2^"(Tj and T 4 ) w^L " y jA 

^_JLi4 .oLLjJ ^ Jj::ll ^JLp ojl*jaL1 j SjJL* 11 ^ dLS"" vliii jou 

(/.A ’ ) 0-1.. ■IaP ^|\_ ; ^ ^_! JLw^J j . 4— ij~dl O-IaM 

W^- J->-'-> (‘/.T • ) Cytosol anaerobic metabolism J >^-di ^ y^l J-udlj 
01 <— J (j^-£. \aS" ijjjjl Sjiiil L^AjA- AJLi*Jl oLLjdl ^jS' (TSH) <J1 Oja jA j • S-Liil 

^_jL jj LLa . w-.iail ^j-LjtLl ^S’ / o . ; \ . ^ * j£\ ^1 i-ijjjl (J- 1 -*- 4 

oLJujJ j jjz ^Jl <JLLjI ol ^Ja>- ^J. j..-.:i (ATP) ~*jy* ^dail v^UL*^ 

. ijijJLil oJLaII U^L>- ^J >4 j (jd ^ J^ 3r Jjc-iJ » ; -^U 
. « ^ 

• LaIj^A>- S-JjJlH 4«Xiii 0>U jA jJk Oj^dl ^i*r Jjjiil jO*J J 

. <— Jj-iil 5-i — i3i Lj^I^ «!.♦.£■ Oyjjd^ IdA 

<3 ^ ^di a? — d ij (T3) iJij (T4) Oi***^” q& Cr*^ > ~ "^ > ' 

. <-*~daM c-ijj-JiJi 0-£ piil Oi*-* j-li ^f»ij Id* -0^^si^ r JJ6^^ 

^ ^ « .r-*^ l/* J^ 1 * 4 ^* 

Lj j£a deiodination ■> j-ii ^>j‘ oLJLp J J>-Jj Jj Li jjjl ioiil U!>U- iijo 

(T4), (T3) J' J^Iodothyronine Oyjjy oLT Jl djJi ii>JL4 V j o jyLjj 
(T3) , (T4) ^ ^ J'-r*i vuLjLaJ jjad' (TSH) 0^*^ jOcj 

ud j* y*- j^e-dJ endocytosis JLUp Ji 0^>yW UL^ C-j- 

. i-ijjil oli ja jA J Ctjfcj til ^ *«jkU obj^Wji ^a 



" Cs* <Jl V (TSH) J' o' p-^‘* A * u^^-J 

: iw.^1 Ol jjy^ 

: J— iJj (TSH) <J' t/* <3*^ j' ^ ^ J^- A& *— *s^" 

£j—IJ&J * — O' 1-j jjJb -la—JjJj j' 4_JL^P k .V.7 (\ 

. Iodothyronine 

d* 1 1 a ^ ^*l£j la. .« li l ■ » j I <■!■>',. [* P . ■» (X 

. pento phosphate metabolism 
: 4j.Ll.1i s^ljjyu Jj : iJltllj 

S^Uj -- j j (TSH) (j*^ a-t$ Cr* J ^ 

±*ry N J . SjJiil a-S^jy J (RNA) <J' 

o' jv-jtilt i_j».. l*^ - jf (RNA) l)' oLU*J 4.W .t^ o'j«U (_jt 

.(TSH) Jl0/> 

o-A-ii' ^Jlp (TSH) J' j* o' jg-jIj jt o^M ojLii' < j~* Jilj 

iJLj Li (TSH) J' ia; . ^ jJ ^_> *<_>rlj J (uL jl 5^ yL o'jv _iL ^/J L* 2 jjjJl 

oUl ^L^-l ^yuo j -b>rjj j . aJjjII 2j jjJl o»!>Li3j adenylate cyclase 
P - androgenic agent <J' j-* J-£3 adenylate cyclase J' Lk.. /--J o' j^Jb* 

. 0*Lj <OL~*N 

j — * o^-^j ( j-£’ a jL-p (TSH) J' Oj— * y* 0^-» L» ^ i 0< (_jr— " 

Lo adenylate cyclase J' k .« :: » a 2 L JLJi a and p jojlo jcLJL. 

. oUa3' ^^Ip 4j\ L ^<W tUap^j P ^JLmJLwJ' 



^ ^_Lp j 5_j Jill ji-1 L^>- (j { j-— Jl^il oUjjf jjS' jJj 

ol ji— idJ jT <iy (Tj) , (T4) y JS”" jl y!j l^bbl dilj <j ^ylJill Jy-Jl oLIap 

,j\» j J jj iLJl k : .m'Jj fj* — —Jl^il oLiyf jfS' y <j iolA-1 

•^ije-fc Guanyl cyclase j^r- ' J-^i y*H Cholinergic (seratonin) activatiom 

. adenyl cyclase J* -1»UJ 

: J yuill Jj $0 i-3yiJl <Ub» jo(j 

Long - Acting Thyroid Stimulator (LATS) : 

hyperthyroid Lfkl—ii J} i_l» yil a_JjjJ 1 ob obi yl-l ^ ^ yS-. 

j y* — } b ojl» ojUj ^1p oj»la 11 li ( LATS) <J y«il Jj ^1» a^i^-iII c ir. ^ ^ 

l-i-i <— Jli S«i—» -LjjJ jLub j l jCpL— < y apU* \ Y ! \ « Jl (TSH) J' 

. « 

y> bl_Ll o-L-A ^ ; :7 J . I 4 JU y jk \jkjl jt\ y JjJj Jhib J A-»jUl1 oJiil JLp 0 _^it 

vi. y immunoglobulins <-pUL 1 oUJ y ^JUr-l APy>? aJL*-£ 11 iy Lil 

.aj ^A-l b^b>- y jy antigen jl y^ S^-i j^So antibody 

^U fc^-* «_y jj jjl 5_y Lll y^ ( LATS) Jl j> :, : t * «1 p j . iwsLp- olijt j LijUjl o-Ull 
. AjJjjJJ AjUill lO^Uaj ^y-l b^b*- jJIj*- ^Lp Si yr ^ll (TSH) Jl O^ ■ flT. - 1 
N Jjty y ,j£jj c b4ii jt j (TSH) Jl 0yy> ye- ( LATS) Jl «U ob* j 
jl— ~ip I 4_ip J (TSH) 0 y _y US' j-iJl o>b y y jjS' y £^LL .la «t» 

y-ily y/. Jl Oijil Ay^ j-— ill yly^jl y ( LATS) Jl Jl ^ J £ Ul 

. 5 J joJl Saill J»LiJ Jay jl Graves’ disease 
I Iodine Utilization LjyJl SjuJI <11 a^ly A jJl 5sL-P) 

oLJ jyyy^/' : (Iodotyrosines) oLjJjjJ y^^/l y a, .■..la ll a, .-Jl ^JL" 

Iodide jj*ji y ‘/.To Jl y 0( i »'»i j . \ : t aJ jjJl ioill J>.b (Iodothyronines) 




o -* cr" </jl— S^j • ooj^' Cr* f-^' 

L*^j^ -^- j | ^IaLI jji jjl (jl di jJb; f 4dijJili dUj^l jj ^Ji 

P> ^J_jl '' (J) 4>rat*l' 4-b jJri <I.«C T I Y ijjlil 

^ 4_i> jj\i; -o*j' iL-*-i jJUrjjj_l}t J_U- ( ^_4 ^TljJl i >^_Jl (^al_>-t ^ jjj^il 

^ Oj-^i ^ L^-i (deiodinase) jba y} i/-d\ ri>l --' 4-Sj-lll C-»U 
. (iodothyronine) Cvjjyyy^ o»Lr y y £_> ^ 5 o ^ 6 

j-Ai j ^.bUi Js- (t 4 ) / (t 3 ) yUi 

U_- JUtlli 4 Lp A OU ^ Jl ull 

j ^L>^/b ^—4 ^J_jT Lfl aaaA? A— -Jj-lil dJLiii C^l— i jA j* v-^Jl — £ 4-i <_ . ? >- 

^-Jtoiil J , ; :«.:li ^ \i:* jprj C-jl — iil ij—* pr , r ^»T J — ali Jsl — JbiMj 

2 j * J j-dl ^_j iSj jJl! ^_Jl jui^l jwjldl <Ji 5 — »Li»’^U4 : Jj_iJliJjii] 

-Thyroid ^jI-up^I ^L**^ U ^ 3_ij-illjL— jt_ Alj 

Pituitary -Hypothalamus feedback 

^ -M-~ ^ygdi j?Lxdl OjJti Ajj.bi-1 *ba}j 

*y~j L- •S' (TSH) <J' 0_j— * j * ^ aJij^ll J5 

(j-* jj-bt>drb— U.jj ^^L-j|j^1Ij OjJ^ y <»«->' jj julJ 

.(TSH) J1 J»ij ^ (E) ^ 

^jy 0j\ 5ji- j«b IgjU jA jl SjjjJi 4..;* ^LP- ijJU t^-b* 

^_, J^J jy'^' j (T 3 ), (T 4 ) ^yy J^b 

^ 2 ^ b .— . ~i' jt jytlib ‘^ J b’ y J> 



T * i ^1 y ^>1— » ^ • • Jly * Jl— »*)|l J (T 4 ) -li ^fe^f * ***^! j J J^l J-A * 4 

y jX\ «JL> JUJLm- jJLi jl J>\> «-Lfc yuyu yij (Tj) -li 4..«« ll b ^t y y\j 

^jol—**^ tf j-a^ y-“ - ~ (T 3 ), (T 4 ) Jl ob y. «* -Up <jt «i£ LJ^i JlilUj . <-i jjJI 

c/i-ll (TSH) J' Oj^y jl y^UJl <-u; Jl y> L* ,JL * 

. I 4 I* <S^^l f*** 1 ', ^ ^ySJ yJ IfJlJ y jM jl y^| <Jj-L51 4 .UT 1 «jj-b 

^'1*^1 _£-& '“* ^ - (Tj), (T 4 ) Vj-^' cT^J 

(Jl Oj- 4 j> jl ^“*ij (j-J 4-^ls^jjl 4j*J ^lp ^j*L*Vlj^^l jy lj y/J - Sj Jj ll J^jkl ^lp 

. Thyrotrophic Releasing Hormone (TRH) Jl Oyy jlyi Cj* (TSH) 

4_j Jjtll 4_;**l>«jJl J — J-L-J l * ^Ip — <J jjJl oli y jh ^.la‘.7 £jL j 

jl yi ^ y v j-^l oUy y y jyil 4 _« 5 '’ *Jpj . (TSH) Jl Oy * jyil 

5 jL-i^l (jj-j 0 jly-Jl y J5"” • 5i*A*ll 4*>UtJl y (TSH) Jl Oy _y 

^ip jjd J £*Jl yli^fl jtJtillj (TRH) JU ( positive signal ) v*-jil 

J-—i£ (U^'il-lifc»jOC» <-ipj (TSH) Jl Oy y y Jjyll i— %£il ^jjlj 4 j JL*jl <j>l>«-Jl 

0 ~* J-r-^l jt (* . ‘ ^ : > J yl^^/l y - f-^l J 8 jr^" y **-y yJj - (ji — S”" jje^l 

(j- 4 (TRH) Jl Oyy J^l-*^ y^M V'l^’^l y (TSH) Jl 

£—• <rfljl V’l^’^l «iy*^ *yjS/l ^jj y» y- 4j-l*il 3->UsuJl J[ Jiij <^J]I j ^.UNIj yk l 
adenyl cyclase Jl - ^ : -u;7 Jl ^*Ui jj ^.UJl jd*r JLp <j i^uLl o^LSi-il 
jl^—*lj (jj^ - liUjJ >byj lj^i-l *ilir J^i^ cAMP Jl v^" Cr* *^iji <^*^i 

J 4-jIp J jlj-» J 5_J jail oU y yj (TRH) Jl ol jo*L‘ <ulpj . (TSH) Jl Oyy* 

. y t ^/' J*i JLp Upoi>-f j o^ljjJl j j; UjII 



: 3j OU ja jtk JlisiJ 

Svstimic Transport of Thyroid Hormones : 

oLlj 4 h .ij* 1>>r ip <3 <y 

• t/* ^Lp (bound to proteins) 

Thyroxin binding globulin (TBG) 70 : 75% £> -^^d' O 

Thyroxin binding prealbumin(TBPA) 15:20 % jy ^-JLL* ^o^ll (jy-T O 
Thyroxine binding albumin (TBA) 5 : 10 % jy £• Jb^di jy-S" jj^\ (r 

: L*»a Jx*> <j (T3) 0_y y* l*f 

*/ V 0 : V* 4.. ..i ( TBG) Oy £4 SjlxJlI ^ 

7 . r. : To v-^ (TBA) jyjJty ^4 So^dt (T 

. (TBPA) ^ *> la>o. Uili (T3) dl 

. (2->U^U Ij^-- aJjJl _tLiJ J_5 U* <j^Sa Ip-liJjl 

(j—* <~-J ^LiJ j\ J^P j ( TBG) <J^ jS S >_APiJa : : » 

XjjJrl ^ us-f jysJ' j'yi Jl -*»j • J^' 

• (J-*' f * <^5 y ^ (j « ^ ^ foil j oj/ jJ 

C*>lU .:..ll O^lJbJLP (TBPA) <jl j/Oj 

< j-4 d»Ljj^[l 4 J jjJxj Tj 00 ... J jj L . ;y f Li*- N T V 

. ;*ur ysi (t 4 ) 01 ni to, (t 4 ) 



: J^lj JjujJi 

Thyroid Hormones Metabolism and Catabolism : 

^ l l 4 ■ »|^** ( ^ ip (jC j* l » * * y * 

LX 5_L»Li-l tivl ijJ jjjJl oU jXl <2«U? o^Ip ^1p ^Jj Ls> ^jjt ^ j^iil j 

.L$j-» (Jjl*>» ^Lp L\^J\ l^Li/ o.i <*»— J^j/I Ij^L 4 - ^Lpj 

(T 4 ) -U iit (J-^ <$ (T 3 ), (T 4 ) <J' ^ JS" >^V 

. L^.lil j Ol jiiii j OL-J'^I (J V _^Wl os«—J^|l j (J IJLa l 11 -•»- (Tj) (jj 

5jL-S>^H 4_»t jjX . y^w .5 ** j ^L ll jj} 

. jf Jj— ^ (j p-i ^ ^ Cjr~£ jjs^' ^ *js*^ V*^ ^ 

f j-£s_j . l j\— J : * « t\ l v£->jJLi- 4. ■ . .* JL^Jl 

• p » »»* i 

J»Ljj jUaj^f -J ^Jl j-^U' jjx*; j diiodination AjJl gj <1 +p l^i ^ 

: V^' o>ULJl <JUx L» ^aj inactivation 0 y J>\ 



H °-0°O C ^ HCOOH 

• NHj 


3 t 3' # 5 ‘-'Triiodothyronine 3', 5‘- Dtiodothyronine 





SJ Jj 


HO 


US— J_£ J—lJ* Ui — •£ 

ui-JVty *1~U oj jit Deamination Oyty £_> J (transamination) 

: *JB c/>UUal <kt l» jMj (alanine side chain ) vh'U-' 


3.5,3, 5’-T#tr«iodo- 
thyroloctic acid 


HO 



CHjCHCOOH 



WA 



: Antithyroid Materials SjuJJ dUll jJtsJl Oli dlT J>\ 

jtJtd! oti cjVS j-* js-i£Jl j OjlL^l ij 

, SJLili Kj JLiii O^L*4J L^U 4 - ^ ^ll jl.JU i.C jjjJl ^lp 

C-^ipLiJ iwiULi i-jij-Xil «JL*U 4 la JtL^ jl jJLl l j-A ijy avail oLp ^- 1 JJj 

<^' oL-T jil jJLL* ^ • jJ>$\ oU ^1 ^ jJ iaiil j (coupling reactions) 
jJll J (tyrosyl iodination) Jijjj^ CUjkl' o>!>UU7 


:Jliil \-~S jS\ (Thionamide group ) -i— ~*lj < p ^1p ioili <k-iil 

N 

/ 

s=c 

\ 

p 

ol — £ y> L*I k^S jS\ 4_-»-UJI ( j~a o>L-T jil oJuk W .,>( (Thiourea) Luj^^-ill 
j£\ ja joci (6 - N - propylthiouracil ) Ji-1 j^* (Thiouracil) J^-' j^l 




'L-S^ JlI c- £ j U-i . JlAl li> *Js-\j oLS" ^ll 

N“OSOj * 

II HjC — MM : J5 i/I • SJ jJUl 

H,C— C— S— C»H„0, | \ ~ ~ J ■ J 

I . C=s 


N — OSOj 

II 

H,C— C— S— C»H||0, 

I 

H,C=CH— CH 
OH 

Progoltrln 


/ 

H,C=CH— CH — 0 
Go Hr In 

(5-viny)-I-lhloo«aJOlldone) 


NH» HH — C 

/ / \ 

s_C\ s-c v ft* 

HH, HH — CH 

Thiourea Thiouracil 



\ // 

HH — C— C,H t 


6-f»-Propy lthiouraell 
(PTU) 


// 


-CH 


HS— C 


\ 


H— CH 


/ 


HjC 


Methylmercaptlmidaiole 
(me thy limldaiole-2- thiol, 
methlmaiole. HH], Tapatole, 
mercaptothlaiole) 


m 



para-Amlnobenzolc acid pjra-Amlnoaalicyllc acid Sulfaguanldl 

(PABA) (P*SI 



Sallcylamlde 


Sulfadiazine 


Peiorclnol 




: LsyJl da*!! i»UU )y ^1 J*l 

0 jM> jjjU O— >- £41 5-ij.llt oJjtll J?LU j( jjA #U £'a 0 ^ l 3 r* - ' b 

OVj ^ j>il (TRH) Jl O^y* ‘•tf'j s^JLitt 3U>UJl ^ j>il (TSH) -11 

5-JjJlji oJLftll J?L-U (J-L_» ^_U jj_iU 4-Jtiill i j jjiail j 3jfj.lt ^J>t 

; L*-i 

: ytJUll (\ 


*1 * J J_jl jyJUJ , oJjklt J?LiJ »A\j J ^Jt 3jjlit j ijL^-t 3j JiJl (£A Jj 

£^-*11 ^jO—At L... jUjt O’ Li yA jM £j/ ySj j <1 \ JjOJ 4-^U^t 4^«Jk^)/l 0>l j 4-Jt JLaII 

o jLj j .-7 L_*5”" . A j_Jl ^yi fli (B) ^yi a; >._.. .-j l_*5" . oU, ■!' J?L±J 

.OJLjtll J^Uisi OrjJ ( JLL ^Jtlllj** ijjl ^ Silii-^ft (J-bc* J} ^ali clJLilt j jl^it 

{j-a (j i yj & 11 (_£ ^—ji-t OjtilUl 3.;.<«Stl ( y a - a ^ b 0^ ^-uaj ^| J tJL* 

. oJjtll JsL^o OrjJ JoJL* jyU 

: 3 i>l JljJaJl (T 

3JU- ^ «— pw» ^r^llj Mj Jilt oJill JoLiJ ij jJ-l 5jl ^i>l Jx»1j 

. i j\ ^i“t Aft-jA 


J-i LaS* . 5_jj-lj! «JULlt L»> (Jjl_*> L»j : -~ l>jl ^ - * - o-sb j <^j yj 

_Jl 0 iy» jj_il «<JLi 4_aw< ^iJLJi J ^?t *.-?i- jl ^oP JLp Ljajf oJLilt J?LiJ 

. (ACTH) -11 d^s* j'yl Salijj (TSH) 
. aLji of b J*J : i-Sj^l SjuJI CJ\jyjb ObUu yb (T 


NA. 



: 2J jJJl £j\jjA jk cjIjJLJi 

Biological and Molecular Actions of Thyroid Hormones : 
Interactions with Target Cells tto+iJU ^ : y J 

oli ^ (Tj) — Hj Ji— jl j-Jl oljJhll j*jkf 0[ 

^LsJl £-* jJLld Uj ,jor ^ <J Jj*> ftdlj j jU-l 

v_. l«ilj JL^it C) jA-Ulj 0>lj-LA^ jJ Jul» i*\jj j o j\ jX-\ 

ialej ( cardiac output ) v_JLSll j «^L>j jiii t^-Uaj U5" . j 

. ( neural irritability ) ^**5' £-*ill 
If-* ! ^1 p (Tj) -Jl ^4 JbJbdt 

Ji »Ji , — (j&r j ifol |T.wl li-'-A'* j 

( j~A JLjJjJJ <JLl 3I 4,1a ,«.»t JaJ j>j . ( succinate oxidation ) 

Hexokmase-NADPH-Cyochrome C reductase- Cytochrome oxidase ^ o>U>T)[l 
i j ;!•* - S^bjj (RNA) ij^ (Tj) J' 

(Tj) _Jl ykj olf 4 1 a— a; CJjJllI oJLjtil oU jM Olj J^ail 4 jUj , 

® A 

gl »ilP^U 4 4li «- i^/I X-)\j> |i ^-* ^lp tjwl; j - JaAi **■**■ 

C *“ l ^J.-aT ^Jl *_ ...^vaU o*!JL£^t j---h ^Lp 

oiUaJl ^ 4 1 4 ;•» »• jp) J .;ll llll 4 

ij 

I ijT'i/l C->ljyU ^3 iS j~*~ ll 

Actions in oxidative phosphorylation \ jy > — »)'■ Ift ^Ju ( \ 

Stimulation of RNA and Protein Synthesis OyjjJl Jc^j (RNA) J' <jtj& ^ (* 
Cell Membrane Iontransport^ -jty j!>U ^ J* UjJl‘ (T 





I (ImiII i Jull ^Ip 4Jljot I Lil> 

^ j yiil j»ill j ^ yk jjtli ^1 p Ojjdl oli ^ yk jpLw 


X-illi . 4_-ijji\ o.l-wl' JaLiJ Orji ^1 p 4...;tU J>JjlL 1 JaloJl L»5^ 

eJLaJt (jw Cij-£j L* l_Jlp J . < J— *-i-i oj, ♦ * Lit <U«)I {■***“ ^ 

JJL_i)l ailjl jt Jbr j Oil* . tjlj* • 'j-tl-* jftP ii^Ap jJLftil j i-ijjJl 

5jtj| jL jiJi J_i*J J-&LJ . <-J jUil oJLail JaliJ ^Uiit J1 <^Ji* Jl jj-l J 4.,.-;Jrl 
J1 oUI^J-1 jJJi oTji Uj . (TSH) Jl jl >i ili Ji ^Ji v-^' 

. i-ijjil i-liil ,A»LU < j&lju£'y Ovli 

o-L_*M ji j - *« 5 oLt f C j 

jJLtl JJLL ^JLi j ^Ipj Gonadotrophic Hormones s— ^-' <*-dt 

^ j.Mi ^Li l «L^» jv_^ jlu oJtxll J^lwi £jA *jj^ oL*^< jjuili 

. iJj-lJl oJL*)t JpLxJ aJI^- j 

^ J |> ■ (j Jj-J' f ta~ . i t £■* Vj jJl Oli ja j* ^y»jlic7j 

• i-l< o 

jf jJl — J-**l V— L—a- y_Tf o*— Oi — ■S’jjciJt j-'Mj 

J-** £j-a (jjlLjij ji^(l il l L-fcS*^ . j j-i a oli yA jl ftj oljLi*^li 

jljp ^JLpUt ^i*Ji JyuJl *iUi JLc j . ^jpUll ^IJLiJl ^1 p j— 5" jjoJl 

. <jKil i}y i JUa£— t 

. J* ^La» joU vjw^ jj&£Uj 




I ijJtJLiil olaT jJS j^Ip OjJ^I iiall oli J* j** oljuU r ls)\j 

I 0 L 1 jj}H ^ 

jl oIJLp ^Ip U> ijisl ft ^ yji 

. |> .-»H oU)l ji jMdill ilU-lj tJUj) j* jii ^1p jjlblt Lu . 1 1 *Jo 

^ -j — 5jiiV iiLijj M-JU^^I Os— jty ^1 (j^S JjfcJl jl iilj j 

»«« > oLytl C yil jjjiy l . «J J .J ^Jl Jj ^I» j^pP p »«■ Jrl 

tlJLJS C.uij .yCJlj jJJrl CVJji *;•-» Os—J^/l *JIaM Jll 

. j »jJi Oj-* j* »—A—P ^ 4— *L>«Jl ^ ^ <j jyfc uj—*^ jjjiil 0^ 

jjli‘ll c>'JL»P ^1 p ^pIp jj)ll J»rj L*5" 

:^£^£^_J£ (T 

4 . » Ja oLj)t J-L>r ^p» Ob ll 4P P»*> ^Lp JpL*J 

J ol .1»P j p .-4rl C^L>rLi>-l 4^J*-I ^-lil (j Ojjj/J x£jl jjyr ^p* JJLoj Lm5" 

til ^_/“W t oUl (j *jsc^ ^-pL*- 

^Jp ij J_iH fOP £* fjJS j kilkj J^ 6 * 

uy-f JJ^i ^ JLlp u p« j^~Jl iJHj* ilijj IaT. J^|l l_^L«) jorj^JLf 

• -^* r <Ji Os 3 *’ Pilij £• jl uij^ tj ® a Wj <>* <>*^ ^Js! ^ liAiij 

: 0j+d\ J-i* (T 

js-^J> ij — **ji £-'* ^*1— ^ Jjjw— — ij (Ji Ol— t/ 3 -*' i^J-i 

0-u4j . ( jJ^t ) uj*'* (j <_■.— _p j ol-i— } ^ill 

. iJjjJl iJiiil J?LU SjLj jlp 




^ ^ till ^y\^i‘*\ SjIp- 1 <. ; I.«P Os— £ jjjiJl j»J®if 

#^L»J J— » j » Jj . ^Jlil Jii^- ^ jjj Os—^jjt^ O^i 1 jjj (ADH) Oj -* y £* Ojl*^ 

f— 'k </*' — ^ Jj — fN cT-^ - <y^y j'yi ^ Os— O js^' 

o-ij* (jt- j£-U cr* y^j r js—^* Ji* Jiji UT Diabetes insipidus 

^iJl p-^>- t/a-ii Ji Os— ^ JJS^' o**' • r ^ 1 ^ £• 

. 4j ^1>> Ji-ii Q>ljl..l' ^1 5j jjl 

! r^ tfjl>l ol/jl Jb» O^-rj^il jyt- : Ulj 
«»> 1-L-P L> n ■ - jr' 4xwu*jt ^5^" <3 ^llJ OjL J Os—^"" JJS*^ 

C^LJ-* P 0 j\_J jj A^JLfL-Jli fj <^S ojl jj oJL* ^ j ■-*’ S«liM 

(J ji «~1' fjy^S' jj^\ j&uj . issu-jSfl b^i>- 2U.^1 j, iiUall f^jy^j * ^■*^ 1' 

ya — ju .m~j . n J; Ml J) i jj i_j j \ 1 iJUaJl <—a5^ y-* */. t • I T“ ♦ t j-P 

<3 Os— £ £-* J-i j^> o^ y^Hb j— * ~^ ^yy <^r* <£ t ~- > ^ y ji^ 

S y OLkP ^.<)al jj Jj til .«<lt Oj! yiil ^lp 4n«l4 JaJU » ** " Jl^l IjUk 

. I Q+aAi jf Lf7jL^j ij jl ^ j>- 1 oUaM 

: c s jj*dl {j^ Os— ^ jy^ * 

yJ>*d\j <J y oujui’j 4Jl> y& tiaj i_Jla]I j*>wJaJ ^1 OS— ^ 

sjLjJ v_ ilil oL ; aiLj <^ a Ji *— S^* OS—^JJS*^^ ^*1 *^ ip 

. ja ' m ^p 5j ^L»J j oJL>-l ^il 4j j*ja}\ ^jjull 



i i l>jl< 

0*1 j-j J^JU ^ -ua«i' A*— o^Lj j l j^*S' jj^&\ ii\jj 

^ *a*\\ i— *jLL» i_j*-jJ 4i JJ 4»<a«i L*f . i-jl; oL«J.^ilj 

juLjt JUi> £• 5-^jULl 0»l 
: J~.Ldt ^U jje^l jot; : UjL. 
j^itsil tiiii . c*tU 1 v^aIi^ 4 j j&S~ jJ^ O i* * *^ " jjs*^ 

4>* 4 U**> <^Js* * J-^J 0'^*k J-*-^ 

^Llisit ^-i — pj 4 oLjau ^Jl ^Lf- yjj 1*5^ ^5”" -ill jjitJl ^ 41 ^*Ji 

4*-*i 4“^ *— <*-^5 L*5"” . i*lLM <^Li*yi (3 O^jjJ 

*-& £■* jjij .«J>Ua-*U-l ^ Ui-T «js*-*» i cjIp>^ ^aa-1 

• j-*i5 ^Jljiil J.^iil oLL^p ^p 0y***^4j&*^ 4. 

N ^ *1 ^ ^Ip -L> IpLj ^> t-f JLj ^ jA «.l. JL,».i Oxji j O^M C-;Ull £r«*t 

^L*-oil j_> J-* J-^ «4* uy-^ js^ </-*■* O^fi ^y-j 

^ vJlj^lj f L^I ^ J^ilj J>^1\ c Uil jliVlj (■ti'jl ,y oJJI C^'Sj 

. olil oJJfc 5~«5”” ijp 4^ iji jjjl olj At jM Jpr 0*1 Jfr>t ■> y* 5 

j, •lit (JjLjc* ^»L>jai^f ^a.Jl iii 4l oJiil J»LiJ J » ^ \jJi^rj JL a l. * 

i-ia.il' Ol-T ^il i jA-*i <JL*jC Jiij . ftl l^jl 4^ ^yt..ll j ^xlM j 

Jj-*il ,j-p "/ Y“ • j — * (j-* jJlI oLS" ^ Jt* ii j-U3 

La^ ,L j^m 4 ja .» Y T • 4« oV^— jjA*! ^ ‘^*5^’ 

4 (J J— *> ^\Ju 41 *JjjS\ ft-L«]l J»L^J ijt-ji 4^LSJ J i>J->^T»-i' (J j]ai\ iSjd 

J+P UiP f*£ i J* <~>jAJ L. 41 Ojj ^ J~jjJ—£. Jl 4 


^Ao 



• U*-*’ ' ▼ 

'jl* ejj-^ailj (js-lil £Ult j! JJ^ a-'^j ^>' • fLlP-Sli 

0>LJL*P iiljj ^ \Jz ~^ jjjiil jl _yl (J-l*> JjIjjJ ili <£yu 0^ • *1 _j*-»ll 

. ^Ijjtli aAj o^Li^M ^jA Jii Lf |»-..jrt jJj iX*S^$\ 
•lJ-o Jj > ,■ «<«n > ^bJ^I v »T 4-ijjdl oli yk olj^U j * a ~.\ ~ ^|j — Iju 

I>^ u^-s^ t) uyjjL^* *-A*J (A) Oy'-V je-O £^jl <ii 

*iUj Ljjjp -l—lj , 4 - j jjlll Olla ; *C. J^Ui! ^lar Jill ^ 41& ijy-S* ^J>ljlU jjl 

l -r J j-*i (Jl 3— ia-Jl Ojj i\j US” . (A) uy*l~* <^i Oyjj^' <j Jy— 5" jjdl jji 
• e/ y -^" (J^Uil <1) ^ (x~^" £* r 1 ^ V * Cr- 

. 4-ia-Jt Ojjj 4.4^ ,jji lJLi J»Ljj 1 j k-Aij .lij 

: Hormone Deficiency c)yj^l 0 4& 

I ^L U-J 4-ijjit o>l!j> yk ^ ^aiil >Lo ^il ( j ( ia>JLj 

: jf- .- ... T i oi ^AM J : i^ydl isf«— c ^a£i : *5ljt 
. *.*.:^*'' 3pUll ^aii {j£- £*JlAt S-ti)1 , ( \ 

Idiophathic hypothyroidism ^‘UlAl jf SoiJl A»LiJ u** C 
Postradioactive iodine treatment £~JA j j-JL Jbu (V 
Postthyroidectomy v jail » aiil <^y oju ( t 

: yA gzj ^AJI j : iJjJJl Olij* jA aJUp j JA^ ki^jA?- : Litt 

• v'jj (' 

(T 

. «JkiJl A^LijJ oLT yi <JjLj jf jL*jC^*t (T 




: {jA ^jUil : oU yj* <J : IsJU 

. S^a*)! (j* (TSH) -M jl j\ {J aju ( \ 

. & (TRH) Jl 0^ j»>l >ii (T 

: UyJl : U»lj 

jA (Cretinism) 5*L»JiM jt oi-xiil jf ola^il ^ jO«j 
jl ( Goiter ^1) 5_-5jjJI ojuJI jiAjai j* ^ IjlAtil 4jt ^[1 i-ij-iM 5-L*il J»Ij^ 
^ r liJI ^juuiilL; ( Cretinism 0 ^L^il jl ’S_j . S^Uidl Uij^/1 

. c) V l jk*b 

I 

{j—* ^ <3 <^i jit SjJtjjil fj**\ £j* **d“^*^ 

• <j '-r 1 j-lil o»U ^ yl ^«..Jral' ( ^JLa^I$! <ol^la>- 

. Iodide concentration y£ j ( \ 

. Iodide organification 0 (T 

• (f 

. Iodotyrosine haloginase -M (t 

. (TSH) Jl j* *aAil «L-»- ai» ( o 

•■ — »>* — o 

(*-» — j-*i V :*“ J ~ i^b V J^LSJ J»y ^ ^Ojy^ i)L* Jbrj£ 

: U>j Thyrotoxicosis Jl jf ^ >dl 
«— <_j <^1—^11 Graves* desease (' 

. fLail £*~all iiliJj JjI j-JI y ^ (exophthalmos) 


\AV 




Jjuil jjS\ S-viil j Toxic adenoma fjjb (Y 

1 JL> ^->Lp <^:_j (autonomous function) i-iiii SJliidl Uu£ j<\ jl (TSH) Jl 

. <LiyjJl o-iiD a^tJall yili*}l jJl OU yj* j\J\ ilbj <y £yil 

: j (Minor types ) o jjill SoiJl jl J>\ j y> jujjJI -u-yj 

• (TSH) jl yi| wljj cp L.-.'o aAill (J 5 ( \ 

JjLJ y-* L-ijj c^i-Jl ji ^-juJg jjiJl (Thyrotoxicosis) p-«~ d l (Y 

• Xu) CP*j 4 jL^1e9 

. ( Functioning metastatic carcinoma ) aJL&^I yll fl j/j\ oNt*- j (T 

. (multinodular goiter) -Ai*ll ji yM c->VU- J (t 

: ouJaJl i jJuJ-l jP oJUJl JbLiJ JjLm j jdkJ «i> jP iPlJl Jp\ j£*i\ 

y-> 4 y :; rtll ijJ_i-l ( j-£- AwLaM Js>I_JJ <j jJJ ^ »-L^aj 

yJbj L^lLy * jX aJjill jl jf\ <JUaa yAA> jl ailj j J} 4 *al9»L* 1 * ^ ^ cj? ^ll yal ^P-S/l 

. (Hypoactivity) iiij (Hyperactivity) JaLiJl i» L-JL p L* 

: ii ytf I o-ull jl yj : V j! 

L^jU y* yk y* v_-> yLlallj t — ^V:lt jJLall jl ^il ^IjJl yP 4-i jJlil &-V*3l ‘ ~ ■ lil 

jl 5 — <•! JLaII j\ <a\ .i.^ll y? jji, 3_jLs^*^I siUi 0 ^— » Ol y^-l «L^~ yA 0 y— <j 

j l-*ji ol_yr^~l Jri y«jil (Cretinism) i^l^-Sil 

. 4.»..lg jjP Ol— **>S|I ^ ^jJljjiil 

^l*L«»*Jll (^JLiil ^ _Juil Jkjw yiiJi lil L*I 

<iLc- oilj jj j-L*Jl J» y— ii <->l ypl . (Myxoedema ) y-^il 

ii5 J Ojl j*% ll ( y»\ i£-\j yA-li I (_ iiWJJ y^jl 4— yciil j? yA-« J -iLi-l 


\M 





5ii Jjbt* { ji^^\ J J J \j—*\ £* * * ■ | «tJl 

^ > l ll ^ I 4 ^ 5 ** o^bj * - — 

: ajsJl^oS# jPiAJl 

O-Ulii j»— >wJaJ JlJljj {j±~S j-> fij jjA-Si JJ, JJLiil <j J jJl cr o£j 
Sx-jjJt ^1*^1' j j±zj <^ol'j (Endemic goiter) ^ >^' j ^M» e L* Vj-^' 

^ 1o> jlOi*3 ^ {fid ^iij . ijJl ^ Lfw»' jt {f- 

, / j • T ! j • « O ^L» Jl ^ j— *17 ^il jj^ji 4ilO»^ J3^-S|3 {j* 

: iJjjJl SjuJI JUos-»I j »\ : isJU 

<j L^O»3j tJL* J~k&i} ®js*-^33 oUl J| oOi)3 (jLrfaJJl— 1 l£*Ji 
(J j . <^^ll ^O-Pj Liijt 30*M JU<t£w>l • *OjL»I ^^- 3 ®0/t ^*JOk33 

< ^i»L_i>'|j j* .1.1' .If jS -*j oii-3 wJLc - SiL j j ^Uil J— 4 j j-i-i <li £» Jrl ^.7a:3' ^1 

. p— Jrl ij\ j?- 4j*-jJ £u* ^n.. .jra.ll <1 jLa> ^*jP (^OpLiil ^jlJLill Jo*> 

: y yJl 3^*3! jl yj i*\ ,j J?\ f\ : u*l j 

J» 1 . t *.3l uljJJ (^/v «. » 3l £LA () 4. Jj«i)l ®0 m*ll Jj 

y>— j^A- 3 4__iLA-3 oO — * ^ * . -7^ . ,jv__M^'jj(vi3l j'j *i Jo *.» ojL , j J 4—3 Ly 

•i»o^ oij . (Toxic oedima) ^—^3 1 ji Exophthalamic goiter 

j*_ — J-l 4 _j «_apL— < aJ Ljajt L^O>! jpf {/‘J • ®*OOOj3 4— «OJl oL»0 +d\ Ou ( ya>\ jdtf\ ®0> 

Sjli-3 oO-A ^L mjj . ^3 -1®L-U 5 )L?— J J_i*33 £~*{Z>J ^yj.;ii 4P j~* oJjy-j 

. I* fi's ^L— 31 Ujoll oi^Lia^ (^j^-t Ls-l jsv «o*3i {jA tjAr J [.,i7tt,f^> 




SjuJi 


PARATHROID GLAND 

Ip (wj ytJl y^*( XiJ j . SU-I j\ oj^il iJiM y» 5-JjJjbi-l aXill jyrni 

y—* OL-J^\ (j eXiil J • "^bc"^\ y ylp\lM obyliflM yUjrl (3 <j jJjU-l aXiM 
kl_j7- 4-JjjJl oJLaH y»a ^J-S" £Ti . ..» ^Lp _ L>; ^XlJl S-^-bJl ya _ £*7 --IP <jc j( 

\ Y • t ^i 1^1^ a— l .nil Jjj ^ a i j j , aiA j Jii a~ly X>*^# 

a aX_*M 3 ^ »a jt > a — ajjiS* (3 — cijJjljfl aX*Jl J . ^1 

L_*5" . CjUI y>-l y( a-lit]1 ^yay -laLJ y . 5^ ygjsil ya 

. w y*.I)l «X*ll 3 <■.- « jC.* Oy^- 1 Xl 

_ -1— 7r y l«.».t . iX>*bly«^l b bbyty^r ( J— Lpy aJLitli )_ J I "^-y 

A_j yJLail 3 bfi> jbjl iJj Jlil aXaJI y» jsi-J fll yili-i ^ia— Ji ^JLp _ obybiiil i^.. I pt 3 

^J-ta 3 <X>Lj ylliM ya *t a ^ibj X_*- y ^| JLl L^if *i|l 4.1a —it 3 0^ y^S/lj 

JLjjyil ^ jj ai y eXidl olLp ( *j5J a jj*-^ y* 0 X» yf . < 1 }Lc"SM 

j' j->V' ^ < Wiil ji Cr^*- ( External jugular vein ) yXo- yi' ^b yll 

y»-«u 3j Cfr^jj (j~* ®-b»)t 0 y^ia o^lyjJl 3 baf . oLJbyil 3 <Jb^“l y* b*i^ 4-iyXib 

• *^-‘ <3 Jjr y* </ - r >t ^' y»ty 

: iJjiyUrl 5 -uU 3^1 j}\ 

j^r\ y>- 41a £» yX ^Ui» ^t..~) ya 4-ijJjbM aXill e\jd ya *yr J»l£ 

y— 4 <X>l_Py»h£ ^_1 p aXiJl yva t aJL*l^* j^P yydl \^».» 4> <L*IS^ j^P 

! vyjtf’y* yip b^Ui-l a Jjk X»- yJy , jL>-( y( i-3 yi.,<? ^Lp o ^lly OrXllI i-^Uail 


Non granular chief or principal cells ^ J\ jf p 

oLjLwaib OJ*L) O^j-1 ^ ; j~; ■» C-»ii . ta j yd^Sfi 

. U^li al* • (Vesicular) ^i-^^li ^ yli Si jj LJa^Q-l 

0 J~* j& — —ii^ 4_j»yjiJri a J_aM 0 j_jli L y,.»ll L^iji-l d ii~ jCJu j 

Cr&L «o>d' oijftiJi j* aJULw U^Ull ^JJj Jj . Parathyroid hormone (PTH) Ji 

Js-£ 4 ,1a .7 jA C-»1j^J«lJi dll 0 • *-*■ jb j r - - 1 4^U ^jA i g :U-> -^A t 

J-f y^j (Involution) <y» ^ jt ^i-tf ji U d>u£ U-u* Li y jU-i Oy y» ji yij ^ j^j 

. U Sjjl^l LbA-U L&J y j\P LjjjcJi \..mJij Ll- 

: Granular Oxyphil cells L^i ya^l yM itllt (\ 

4. ( ^a LjaxLli olL.^iU i | w.^ *— ’’Wr^' ^Jity j 

J OLw^| i a JI & jj L_j^Lfc-i aJL* ^ ^ i*« . ^««vali aJUJLd 4jo c*<s . ^jy^ySfi 

'i/j . ^_*jJi J jl ^yip \jiJLP JbiyJ IpJjc ^ jlli JLP ijk^ yl f-Lj ^ a jdbdl 
^ Ip a jJLJtli i„. Lj^Hi aJLJt <l>t 1 * r “lj « Lj^jLi dJLU Lw Ji j ., ..ji LLl ^li o^i 

Ji> (hyperparathyroidism) «-*ili 11^ ya*j j Vj J jU-i Oyy j'j — *i 

(Chief cell hyperplasia )L~1 J\ i^^Hi f' — ii SjLjj (Parathyroid adenoma)^' fjj 




if Vascular - retecular ••i* JT Ji*oj 

. ( Macrophages ) Sj^T U*iL* b!)Uj (Mast cells) ^ 

: 3-SjJjUrl «.lal) jjb tJl 

L— L-I 0 j\j&r {j* 0_L*Jl LijJ 

<— -*L ^j'lsr ^ip Jj^{ Ox-li oJLkM (JL^" * 

t ,.« :T j ( Pharyngal pouches ) v\>*M ‘-r'^r^W ^ _/** v-* 0 

<w-> ^-A-i *iJJj 4JW-lj O-Viil 0 . <Hjl Jt\j <i}U)t <*A J*LS\ 

a*+j LALaJt j\ ja. T.-l {jA j*-P ^ ll ^1 p ^ _j*JLJl ^P i 1.^,4; » ixjjVl i_L*Jl ^waj iJb j 

. ( ( j r ~ »Ul-l ^*^*0 {jA 

^ LkT i_p» ^*iJ\ oL^jt ^ 3 jijijUpl iA^\ \jljJ uij 

.4jLU^) 1 ^ Lxiil J} IJu *^| 4jl *— ' tL> ~^j^j jj 

: ioili (f yjb\ 

( jja *>j jjul ,_«jJl { yj Jb ^-pp oJLaU if j^-Ul ^Zj 

. I . -/oil { j-ijl0 {j—& ^JlSI ^lalJ L*5" . S-ij-lll dJjtli 4 j jJLnil (jul 

, il»L*^U CP jy*3 l* jaS’J 

' a Jill ilj>^|l 


^ ^-ili < *P> aJ__*JL» j^P *.pii^ cJ*Ll( ^ jlr ^je- o JL jcJL) ^jmSW^I 

. Vasomotor nonmylinated nerve fibres ^ 



D3 i*£ j3\ 

^ jg^wifsl) 4^Jiul) oUy 

i_t[^9*^\j 4_j * {j—* Jj-^ U¥ J‘i 5 — jji 0 y ■* j* {j* jJS"” 

Jjlii jf ^|«l Uj jJJ;j . ^ .m^r J ^ : ]a 1 1 (Dj) Oy^S* 

<^l_J^I Jai>- <j ^Ua*i ! j ^l£il J fcb^»S|lj 5_ij,ijLi4 j <LijJi]\ o-L*]l ^ \£* Jj^j IJLA 

^_>t ^*U ^-J' J ^ ^ . j~' ^fc-L>vl]l 4 j*j y9 j» ^4l) 0)f -> j ^ ^jlJiil 

| <Jl*^ 1 j-* (j jji li (Dj) Oy^*r*j ( ~ 0 y •* j* ) *~>y* j 4 

: Parathyroid Hormone (PTH) : *ifj1 

oJL_^>l j ^ L«« ^f 1 A t ^1 p ^c y*&? Oyj^i cijjjlJ^I 0 y * yP 

lp’ <Jy—* j ^ {£y-&J • (J • • J Ol— 0*^1 (J ^ Y* • • [ ^ii m y>r Cijy-> <« ; < ■ • « * 

V—j'j ( Tyrosine ) ji jjjwJlj ( Tryptophane ) 0U^4'j (Methionine) jy j4' 

, 4-~?r yA 4^j t , ..« ‘— A . \—£ < y \ — jS|3 

<£j->.j£' *-: 4. ./ j tAi *Apj ( cysteine ) Oi*—-* - 4' ^ j V 

^>4' v*4 >-f' o- 4 J®— f >4' j j • ( disulfide bridge ) j>&' 

julp ^ Y © 0 y—* y 0)1^4 joJ ^31 j ( hydrophobic ) cl*fi *w»L» iiia^* 

^1 ^*-^1 ^ y* {j* jy-^.J • ^^l****'^ 1 ' ip’till aJL ylstj 0 _y ^JJL»»jj ^LJLlI 

oijj-jUt J-5” (^-^‘ 0/ j* (N) Vy^' ^3-4' r * • 

jllJI ^4 

^JLp jwii^ ^ jj** Oy ^ 

JB jCiJb jy ^ US' (larger precursor ) jJ> lsi\> « jy*> 


S\l 



-31 -20 -12 

H.N Net Net Ser Ale Lye Aep Net Vel Lye Vel Net Me Vel Net Lee Ale Me Cys Phe Leu 
< pre-horaone 


-II -1 »1 *• 
Ale Ar( Ser Asp Oly Lye Ser Vel Lye Lye Arf Ala Vel Ser Cle Me Gin Phe Net Hie 
> < pro-horNone- > < PTH 


•10 « 1 * ♦§« 

Aen Leu Gly Lye His Leu Ser Ser Net .... Gln-COOH 


V \ ,^-A* ^ ( prepro - PTH ) J — y Czfy 

(N) J&h JLP 0 ol iiLj 1 

j (prepro-PTH )J' jy. Vj J jU-l yyy.)^ <3 (mRNA)^j>i< 

(into cistema of the rough endoplasmic reteculum)^-^-' v iC-sJ' j» y~ 

J'j NH 2 y t. jM ill j\> wilij (pro - PTH) y J yy 

S-T ( v ~ Jl T • - 1 y ^ J**- T £ 

Ji *JL±£ j-* UJi T • -W ( pro - PTH) <~S J~*>j . ( prepro - PTH ) -l' 
Jyy Ji (J O— ^ o!>U<aj y £ 4-iLi^ j*-% ^-( Golgi region ) ^ y 

<S\j\ ,f\) i-yty SL*l*dl oU\ ^ ^ l ju^JI 

• ( ' - *i ~ y 

Oj-a y v-.. j ^ ajUMjl)! a £ -Jl 5-jw*^|l ^Jjlc 

. (Porcine) fUpty j ( Bovine ) ( Human ) y ^ j Vj : jU-' 


Uo 




1 









10 
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Hunan 

Ser 

Val 

Ser 

Glu 

lie 

Gin 

Leu 

net 

Hla 

Aan 

Leu 

Gly 
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Leu 
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Net 
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Bovine 
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Val 
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Glu 

He 
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Phe 
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Hla 

Aan 

Leu 
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Hla 

Leu 

Ser 
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Glu 
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Ser 
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lie 
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Leu 

Net 

Hla 
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Leu 

Ser 

Ser 

Leu 

Glu 

Are 
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Hunan 

Val 

Glu 

Trp 

Leu 

Are 

Lya 

Lya 

Leu 

Gin 

Asp 

Val 

Hla 

Aan 

Phe 

val 

Ala 

Leu 

Gly 

Ala 

Pro 

Bovine 

Val 

Glu 

Trp 

Leu 

Are 

Lya 

Lya 

Leu 

Gin 

Asp 

Val 

Hla 

Aan 

Phe 

val 

Ala 

Leu 

Gly 

Ala 

Ser 

Porcine 

Val 

Glu 

Trp 

Leu 

Are 

Lya 

Lya 

Leu 

Gin 

Asp 

Val 

Hla 

Aan 

Phe 

Val 

Ala 

Leu 

Gly 

Ala 

Ser 
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SO 

Hunan 

Leu 

Ala 

Pro 

Are 

Asp 

Ala 

Gly 

Ser 

Gin 

Are 

Pro 

Are 

Lya 

Lya 

Glu 

Asp 

Ann 

Val 

Leu 

Val 

Bovine 

1 le 

Ala 

Tyr 

Are 

Asp 

Gly 

Ser 

Ser 

Gin 

Are 

Pro 

Are 

Lya 

Lya 

Glu 

Asp 

Aan 

Val 

Leu 

Val 

Porcine 

Me 

Val 

Hll 

Are 

Asp 

Oly 

Gly 

Ser 

Gin 

Are 

Pro 

Are 

Lya 

Lya 

Glu 

Asp 

Aan 

Val 

Leu 

val 
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SO 

Hunan 

Glu 

Ser 

Hla 

Glu 

Lye 

Ser 

Leu 

Gly 

Glu 

Ala 

Asp 

Lya 

Ala 

Asp 

Val 

Asp 

Val 

Leu 

Thr 

Lya 

Bovine 

Glu 

Ser 

Hla 

Gin 

Lya 

Ser 

Leu 

Gly 

Glu 

Ala 

Asp 

Lya 

Ala 

Asp 

val 

Asp 

Val 

Leu 

lie 

Lya 

Porcine 

Glu 

Ser 

Hla 

Gin 

Lya 

Ser 

Leu 

Gly 

Glu 

Ala 

Asp 

Lya 

Ala 

Asp 

Val 

Asp 

Val 

Leu 

lie 

lya 
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Hunan 

Ala 

Lye 

Ser 

Gln- 

COOK 















Bovine 

Ala 

Lya 

Pro 

Gln- 

COOH 















Porcine 

Ala 

Lya 

Pro 

Gln- 

COOH 
















Sjj-Ul j «jl J>\ cjj j 

. ^jlJI j jjS^ j> 

J^LiJl j -r flaj j . 5—5 jJ jU-l Oj-> ^ JiJf j 

Ji (*-? ( pro - PTH) J y^i y yyjh t) J^s Jjf ( prepro - PTH ) J' 

j*J 5fcJL> t -ljJl ^r-*^ ^iij T ‘ N o>l ^JbjJ-lj(PTH) 


\V\ 



NUCLEUS 


AUG 


ONA RNP 


mRNA 


PARATHYROID 

CELL 


PERIPHERAL 

.CIRCULATION 


CYTOPLASMIC 

MATRIX 


METHIONYL 1 

AMINOPEPTI0ASE 

If- 

A AAA 1 

/Jssss 7J/s / s s / / / / ss / f/ 


Pre-ProPTH “p j 

> M l 

ProPTH |M 

-19 < 

J:* I 

■■»[ “ 

CISTERNA <5"cuPASE" 

■-’! 

3) TRYPTIC-T. 1 




ENDOPLASMIC RETICULUM 




GOLGI 


■ « I min • 


H l 5 - 20 mln— f- 



- 30 min 


l .... J> Ji I L*J^b £ l ^it <— i ^ JLrtij 

t 1 - ->• iJUtlt ^ - - it 4_ijp ^c* 1*5 "" aJL» 1^1I ^ J J vA M 

^ C)l L*( . Ojj j5j 1—?^ L<x^ At 

. t O • • ^-k^r\ a ; jj £L> >5--*- A^i >^'j v * * * >> : 

\ 

•jjaJl j ^JaJ J A-Sj-ill j y> j* j^ajl jJUj i^**! ^1 a J&}\ c-jjLjaJ JLaij 

^ O • • Cijj Cjli 0 J-* ijj*a Jl jt JjL*j t yOJtS\ *b|l . Aji jia}\ 4 j 

J^LaaII |J\J L>1 £jA a)3aam11 ^A 

Oj — * a jji«a3l jj-a J l I ♦ •; ’ . £)_j<* ^1 

. ^ U*Imj O^i yll ^ 4 a, .4^1 j 

^jliiJl Jj»3 j l*U \ jja jl£JI ^ aj^r^il Kupfer ceils y^f \ite- v*^ j 

ijj A-J jA jli-l O^- 4 j* {j—* ^**Jl A _/>-* £-Ljj . <J jA jVJrl 0^* j* [j> j^r 

. 4jLaa T • ^*-JaJl il)J-~i')|l Uj^)0 




(jJL j P j j JUtll (3 ^ L*S”" frlit 3 ObjJUl £i j-* 3->j^ 

0 ^Lij .^jjJjj^Jl jf jjj^| 1 jf <3 ‘-r'J^i V <i^ij '/.A * OLO^Jll 

<L>1 .t,i — L it aj <jt L_^5"* . Jai* Cj*^~ j*-ii\ yij* 9 {j ^ ^wij l«ilj 4 jJL* 1I ^?L*ji-lj 

jL>r\ aJLiil <-*!>U- < _ r - Jj. hydrogen peroxidase -J' pj>[ 5Ja— l y ^ ^Jl 

^_laju IJLI. t ^ r < aJL* JLju IX o^L^x* ^L~j»-f j»b <lf jl (^t 

. fl-btll 0j*^» jl J jjyx — jjJuM ^\jj J jjyL—Jl^ll j £^j»U 

I < ..tt'llj iyjLdil ( Ja \ (j 4-j^n olJL>- ^)1 ^JajC— J I AjjJail 

: Collip’s Units (CU) v-J y> 0 
_^JLL»\ • • / ^-?!T .lL»o ^ j.-mWS" 0j> Cj* (_j jL—jj 

: Hansan *s Units (HU) Ol~JU a-i?- j (T 

**«« l l ^JW 4 ^i0 l ^jA f % \ (^jLwj 

oLf'l-*' *\ jJLUU \ • « / ^?mJLL> \ jl-Lic. oJkiil 

: USP ij ^J ( r 

• o^ 1 ^» ic-L-< N A (J^ 3 ” \ • » / j*-?!»JLL* \ 

: Calcitonin Hormone (CT) qmjs~J 1&1 Oy^ft : UU 

j ( Ultimobrachial ) v aJ-ii' j-* jj-i* >jw 0^^ y>j 

S. (C) b^?s- ^jA j jJL» OjLjJU^I 3 ^ ilLc**S(^ 

. 4 daLxli jLj* 4 JJL* ^ LiS'' * aJa]I 3 

'^J— / ‘j* k <j — * JJ— 3 ^ j *-rr*ty Oi-S^j Jj-* — 0^1 — 0-^*' 

. jjjlii-l 1 ) ol^>u)l y* ^*#li»-t L»^ ^ 4.s^al>cXw>^« L^> ^jy 


^^A 



) oJO j £_P ^s~t ijyjtj ( 0^ ^iaii — _ jplilj ^Up^M - 

4 — £ y c-*li olJ^* ji\ o-i— * J-S”j ( eel sii*_— il I , II and III 0 ^-JLJl 

4_2?Lt <_fll»- £A 1——^ Ua^- VY AjJuJLfi a1m.1^» £jA o j£sJ ■ ■ -■»- AjLiklA 

• (C) '— * ^iaJl -Up -U>f (A) -Up ^L«Jl ja -Up 

^ ytl'»V .« 1 » U Oja jt* u-«^' 4Uy<»Vl ^>L^*Sn £|Vl7 ^*2 * ■? 


. (salmon ) 0 (human) OL-J^ij (eel) •iU-Jl 0L*J ^ 


Eel Cys-Ser-Asn-Leu-Ser-Thr-Cys-Val-Leu-cly-Lys-Leu-Ser-Gln-Glu- 


20 


-Leu-His-Lys-Leu-Cln-Thr-Tyr-Pro-Arg-Thr-Asp-Val-Gly-Ala-Cly 


&- f 


i-cly- 


-Thr-Pro-NH 2 


Human Cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-cfy-Thr-Tyr-Thr-Gln-Asp- 


20 25 30 

-Ph-Asn-Ly s-Phe-l!is-Thr-Phe-Pro-Gln-Thr-Ala-Ile-Gly-Val-Gly- 


-Ala-Pro-NH 2 


Salmon Cys-Ser-Asn-Leu-Ser-Thr-Cys-Val -Leu-Gly-Lys-Leu-Ser-Gln-Glu- 
l 

20 25 30 

-Leu-His-Lys-Leu-Gln-Thr-Tyr-Pro-Arg-Thr-Asn-Tlir-Cly-Ser-Gly- 


-Thr-Pro-NH 2 





f jv y. — l l^il i_. .‘T y y* Ji\ Lp <it jj 0^ j 

2_jLfj SjLjs'^l; T'Y — 31 q » 3.:.r»f 3 jl~J <j Jolt <uLlzJ l^jf ^|l oil! ^~A-t ^-Lst-f 

! ^L Lkj l* y*j aI,. 

por; iMf 

m-CVS Hr AS 1 * ICU SCR IHR CVS ypl l(U Mr III tyr trp prq pm Mu pm pm pht hn prq pnp itr qly mtt. qly. pn*. CIV pro qlu. Ifir. PRO. - MM, 

->1111111 I I 

H-CYS Itr ASM Itu SCR. IHR CVS Ml ICU Itr III Nr trp hrt Pip Mu Pin Pin lyr On Irq lyr i*r ply npl qly.ptlt CIV pr 0 . 9 lu.tnr PRO l*l ? 

=anni 1 1 

M-CVS l»r ASM ICU SCR IWI CVS Ml ICU irr PlP tyr trp hrt pip Mu pm pin lyr mi prq pht itr . q»y "«» qiy pnt. Cl Y proqlu.inr PRO. - NH^ 

»j mu 1 1 1 

H-CVS ipr ASM ICU SCR TH# CVS Ml UU qly tyl Mu Iff qln qlu Mu Du lyi Mu qln ttir lyr prp prq Itir Ptn.lhr. CIV itr qly. thr. PRO. - MM, 

^MIUM I I 

H-CVS qly ASM ICU SCR TMI CVS mtl ICU qiy tnr lyr ttir qln pip pnt pm. lyi pnt n>i inr pnt pro. qln thrill. iM. CIV vol qly. ou PRO. — Hv{ 
t 7 i i 5 A 7 I ♦ 10 II 11 IJ 14 IS IP 17 II 19 70 71 72 21 21 2S 24 27 71 24 JO )l J2 


. 1 g-t 4_jLpli yj VJV-J ySl j^P y t jy y.„ y •*~ij 

Ojy^^j (Rosenfeld) <xSij. oLiJiSi y y\*c\.\ 0 y yM y iy o • : \ . jIjlL:. 
<SyJ^ (£jy$\ yi 1 1 j 3 — or^l ^.-ll ^ -Szs- 

f y JbJLnil ^-lil ut ^%i ( mRNA ) 

C LSI r-rX ( single transcription unit ) 

of ijjj . Jliil j£-i*3l y £ytz>. IS . (Calcitonin Gene - Related Peptide CGRP ) 
^y-aj (CGRP) <Jl^ 1 ■ ij pf 1 YY ^-Lc- ijy y y^ll^il y of jy*** 

oLi-JjjjJl jy C)f . 3_alit 4 _>r.,1.1j y* 0bt*^J Li->f Ljaj^" Y” Y 4 j1 y>~[ 

. Lw*( La&- V *1 y 3J j£* ‘S' 3j>Jai> Jlp ^ y£- ijuJJall 


T. . 







RAT 

CALCITONIN S' 

GENE 


S' NONCOOM6 COMMON «GWN 
EXON COOING EXONS 


CAiaroNM 
COOING (XON 


CGRP CGRP r NON 

COOING EXON COOM EXON 


^Cii *"’ |C> [ |C<NilOfwn| 


CALCITONIN m ANA 


♦ 

»•*» A 

I 

fmu cntw . dtavAfl MIA n k W | 

» RAM 

i* _ 



I 3 


nuNSunoN 



CGRP nRNA 


nUNSlAHON 


CALCITONIN PRECURSOR . II-' r-rr— I 

... ... |c«nm<« it&oti ctfeilSMi I llll 

(t T.SOQ MW proiml 1 ■■■ 1 11 11 1 1 


SSSSBTS lCBZilBBl 


CGRP PRECURSOR 
(16.000 MW pi9ie»i| 




f <i jS*" L> ji LJl 

us\y — LS ( hypocaltimia ) y -~ -* L> Jl yi JUb j 

of . (hypophosphatemia ) fjJ' o>U~. y ^ U-w»l j U>L^l 

l / 3 ^ Oy j : ; — jc- 1 ^ £- J *’ <->f . 0\i *- vjj** jJt- ^ y—Jl£}l J*i 

r 1 ^ 1 ^ ^ lJI r>- ^ jy- yl' j f <4 y-> 

(jO o J-ij . ( cAMP )JI j-* ^11 j Lijj jU-t Oyy jJ 1 tf 

* oti-yllj y j£i Ujlyl y Jjj,, ^1p n! n: ..« o»l jJt" 



: (D) ot 




L» 5j d^U jA jiL <!Ld)l JbJLi (D) [jrj^ L — 

(D) |jy*l j; .( *<«>^U .,1^ -zl' -J — '•£■ Ow>ji ■< 

4 _J ^jl-£ <^AJi oU.jjw-.Vl (*— a)' j-*j . *-~S j& S-j^-Ul ^ (Seco-sleroid) 

***u J-Uij ( Cyclopentanoperhydrophenantherene ) y-J> ^ oUl>- <^j b-l jUa-i^ 
ji (jl-f 5-iajl (D) Oy^-s* (j jjH Oy- 4 OW 

(D) <oli cljl-b £j* aJjlp (B) aiSLi-l ^1 p N • j ^ 0 ji ^S\ 

. \ V j*_lj 0 J— ; IjJb 4 I.yjtII 4 ^.1 Li-1 4.LJLJ1 4*« ; V> ^lp l j -^‘ U.>» ■ 1 - 

Uo 22 , 23 - dihydroeregosterol US' y ^ v i' y ^ (Da) Oy* 1 ^ o j 
(D) jyU* jt^-j 7 - dehydrocholesterol v— ^ J 1 ' Cr* (Dj) Oy'V ^ ^ 

W-f jA ^_Lp ^ ' 1 > — ■ J^Uf 4__j l>r 4,l_-.l— ^ip ^ 4, 4 ,> .*3 . 1 ' (Jj (j j^lll 

J -■— j' (Dj) “ J (j - * ® viilj . (J j 

Ergocalciferol Jjj U -JlT ^ j^' ^ (Da) 0y 4 '-~ i uf Cholecalciferol 

^LjuaII 5jj_»aJl j—* j Ergosterol J jjw- UU- 5i— 1— ^jr^V jt~~* 

j*— (Da) Oy'Uj + (D 3 ) OyUj <;*— « ' ^-Lf- ^ llc.^ j . \ — ; «; ; 1» V ^il 

(D 3 ) (Da) Oy 4 ^ Oy *-~> }^ J,^' J^-^' J^jCalciferol Jjje-L-JlS' 


x.x 






7 - dehydrocholesterol j**. (Dj) oy bJ j 

ergoterol J .y J a -i^ Z) . V^b** (D 4 ) Oyby Js^ • cr *^ 1 a*aS( 

. A yi.. -. A.I (J jjiil 

^ aJjLj «w»^ <^*ill «^lb 4jL i_ju j*j 

0^ J*— — Jwii .Ayr oLLjtU Ay ..jail ^iJUi jjil j^LdJ Ijbr 

of J a_P . (_«-i ^ jl j -» ~ X»^ Aj j*— ^ irl ilJL*l ^ AUli ^JybyM j? «3^ 

jr-J-1 J^b O^o Ay-jJl Oybyll y* Cholecalciferol Jjjy-JlS" J £ JS 

O' L; Jill C^^-J • Ay ^ -^A J (J _yll AaO^/l jf c l jy>» j-lii Aja JjLP 

<X>^' 3-iJ 9 0~* (D) Oyl jj a_j*15^ cjI ~kT ^ji j£~> - a •.;»<» 

uybyT Calciferol y y aa!^ . o; » . » a.. i o^yll 

a., i«j ^ ^_a)l ajI. «» i ll ^I j a > .*.^11 ^Jj UT . Ai^fcJl aajl«a11 

Aj^jijiS^'il! Ayr ^ ^l*]l (3 Jslj^fl lj_JJ A-*lP ^ Ail 'VI . (_f ^>-^1 0*1 Jj JjOn^l 

. \ ^ v • : \ n *1 © {\jet £*- yiAih j\ 

Ay« .»<;> .all A*_oty a 1*i . (D) 0y^ cii l) aJLIaII j 

"brf Ja jj* (B) A_al ^ -' ^_lp V j o Oj-J ‘A-’l ji l jw Ay-jJ aUIj ^1p 

■ (D) (jylyiJ ^liaS^ (J jjwr^l I ijk ^_jl.'..,fl'\ 

^_}l 4_«J yiall A_«f\j*j^ll O^lf-I «:ll Oj J J— >- A OJ JiO AjJ^/l 0>^ipL— -Alll ljj 

• (D 0y^*> Calciferol ..a ^J b^l 



TOXISTEROLS 



jhv 

PHOTOPYROCALCIFEROL 


(jl; photochemical reaction V yj> SJL.-S' o^UU o j-l£ jj_ iiil o>l j_U>- UJ j 
^ j-*- 7 - dehydrocholesterol v-f J lI orbital electrons 

-L_lp la di— Ji 0^ jt otf aj ^1 p 

5_jj 1 4_-^L»UjJLi\ __ Oj' 6-P j-jJ-iP ^ .mj.* ( dir ect quantum ) * ^all 

^jp Ja— siUi Jl 5JU» s_.Lfjl ^ j_SiJ <j Ja- £« ( thermodynamic ) - 

.(Phosphorescence ) <_£ y jf (Fluorescence) J y^> Ja~*j ( *i 

. Chemical energy VW C 
. Thermal energy ^ oli» (T 


T.e 



JJUJJ 4 ypt a y bb iib- Jj £-waj SiUah ^lill aJLtAjj 

( Provilamine D ) (D)jy^ JJ S)U-I ®Ju j y — jj jtkz- <-~S jo jou*- y 
J . ( Tachysterol) i } (Lumisterol ) y_P Ji> 

#y yip y» ifijU J>-'<> (D)C**l-~» Jl (D)Oi>l^i JJ <-£ y 

J yi— '1 J -i— *j (^) j*J j Oy a ji J| ( N j%J j Oy 

5-Jajl jjl (J y?- (A) 3-Jii-l O^jji (Jl—Ali^i ' ' g; Ja_Jyj , (J yi)1 y ylll 

• y Jh (Dj ) uyl~* <up ^ V j 1 j*j j Oy ^ ji Ou y*h 

5_L Jio ^J>\ .m^\ JLP \ ^ 1 £ ^Ip <ii> (D) y>b-a J} yap *^j 
y> ojU j . ( Metabolites ) 4.1. t * :i l <£ly y ^JU r • Jl (D) yliiit J*i3 

y*i (D) J y: 5 ( endocrine system ) fUi; j yj yyJ oV' jyi' 

oli (D) OyL-iJ y y yi*J S-Lii U-ii £j1 y Jt ( Prohormone ) yy y» JJ LS"y 
_> l jUai^l <1 yy 1 , 25- dehydroxy Vit. Dj a* j^.j • Jy y 

y* yl^Jl jv-^j * c J (D) L-V^ y* Aja—tjJl a jy^ll 1, 25 - (OH)2 D 3 

0 yLjyJ (J ^y«3 -L_*_i (D) ^yUui y ly _py 4ja-ljJl jytfdl ^LwaJl 

Up j ;&! J y y 1 , 25- dehydroxy Vit. D 3 Ji (Dj) 

i-Ti/l ^-Lcy^i y c^t jjJU 4_»iJ a^L> Seco - steroid J' y Jjjjw-^1 

* a yiJ b yy j oi^y- 

1 ) 25 (OH) D - 1 - hydroxylase . 2 ) 25 (OH) D - 24 - hydroxy lase 

c->LJL.jJl J*-J^ objlliil fL-il JT j ( 1 - hydroxylase ) JjS/' ^ jtj 

j! 1, 25 - (OH)2 Dj ejy-ail yj ^ jyWb 'jjy <_aj-'jj)'j 

24, 25 - (OH)D 3 6 jyfli' yLp J-ju ii»( 24 - hydroxylase) ^ y^' y 



: diL* ^ '■fsj 

25 (OH> D - 1 - hvdroxvlase 1,25 (OH) 2 

D 3 

25 hydroxyvitamine D 3 

25 (OH) D -24 - hvdroxvlas 24 ,25 (OH) 2 D 3 
j 24 ,25 (OH) 2 D • Ji t* jTifoil 

_Jlj 24 ,25 (OH) 2 Dj u^, 0 ^— * • V j* jlXl #Jiil ^ Ua — *ii 

0 ->L>U*«jl— |>. l aiZ i (D) £jA 'Sfl OLr jyji^\ 1,25 (OH) 2 D 3 

^ ^ OLilt 

: 4 «jl &> 

^ Ipjiii* 4j ^ ^ p jjill y^Lxli yiS^l 

jjj-~»jj>i\j ^ j. m 3l£jl j* zju LtS" , l.. : .r yJl . oii>itll oUljJ-lj 

. 4j oVJUj^j Jj JUtll ^ 

^ jir ji ^ ^ 

Jl^iL <-il jJl IjJ , yi\j «Jl»IL . j j - - 

L» ji^Ll! (j L^AjjS' yJ j ~ ‘~ -* 0 _^i 0 ^ . <*J\i j o ^to.4 <i^a> jjA-* j 

. 4J~l) 1 oUj<A«£> 4.%.)?’. i J - -'? ; jivJtzll ^jA 4 g --’i ^5 J Llj U 



: jjL * jiJij ^ ^UJl JUll J iTjLill c-Uzsty 

^Jbsi ^l-ill C-*Li)i ^ o^JL^ Aan^jt Sj^Aj _ a_>1 ^ii C-»UI ^*A4 

: Calcium and phosphorus homeostasis jy~“ y^j f y-3&\ 

Jlit Al..ll jjJL ** ^ia I 

. a a .,ijb Ujj ^jJi j L^jkl y.. m A j, .ti;> ^ a ^ aL.. ■> 1,1 ^ ^ ...-?'.■ 11 ^ JLa A-i Ojj£ I ^Ua*il (Y 

• i-** Ji yi |» Ja ^ T j <Ji ^ ifjj ; ^l^ii (T 

: frl *»V» : ^ y 


(3 A . ^Ly- OfrLi^ l—i (^^1^-1 V .-^ * _^ll^ 

L*f . A i*g I jy-* C A^lp A fl .^a; aJULaJI c»li ji>'ua:<il o’L.LvP 

i^.l 1~ 4|»»w A I,! ^liA ifLiS*" ^iaju* ^ Aa.lall 

• qLLp J Aa.Ml 


* (* 


JiuJl : Uti 


0 . b^CA-1 viiL' g~j^* i ’ On \j^>- y Oj&t -lit* ^janll j>i*j 

A j>-LJl a i-t J -IP ^1 j_j'f ^-lp j*_£SJtil Lj^A>-j . A_JJjl* (^ ^_p- \j A_J jja ^ 0»L-5"" ^j—4 

) ia— ai ^ 5-^a^lj 

: L^UU wliB a~~j J\ ^\ y*)}\ L.I Mesenchymal tissue 

Collagen matrex y*-)l a JS j\ y\> ^ aij Chondroc>tes L*>U (> 

. A_j jj03*\\ Aila,:*.!! 

. Osteoblast p-laxli a; (Y 
. ^Uanil {y> \ ) 0% L y»j .Osteoclast jJa*b <11^1 (T 


Ij^-(A) iil . l _* £ i yi 1 -il jviijJl s_ ..$" y Oi— L*-Jj 

Osteoblast r U^-' J^u-i (B) l>i Chondrocytes jl >J> 

. Osteoclast siLsM UMi-l (C) J^.j 











i_J>Urt Oj^ll 4j ^lll 4,.,.-~.ll 

i-ili! j^-1 

o^llt ^ 

V • : 10 

hydroxyapatite 

4^^jxp Jjp oljjlL 

ro : r* 

Osteoid 

i^yiaf’ Jj 


osteoid J' v- 5 " J f.l ' Cjyjj. 

: i--* j J! oi^^' (•-t -- 57 


. S^^Jcxjl L^t >4 ^ J JJ jb\ jl J>\j ^£*11 «iiio ( \ 

. jS\\ \±» j hydroxyapatite crystals j (Y 

. .—> 'i/t ^_a '-*• |>. 0» .J-S""^J o( tJLfc jjj \jj 

. ^lfC^jbl a l*?- <J 

^-r > *"'i/ ^Ol JU jiS y—t (jjt ^ 1 .P ^*la,n>i ^.., l] jL~* j Jb Jl>- ^alaj 

^J_J 4 JO .7 jll Lj OOJjdl _}^ L^>»t £jl>- OljjJ-Ljl 

Q>1 a ..all ^1 5 _»Lj 7 ^L i_j j.'d*\\ j±£- j i-j j.'axi\ » p ^Jl Ij L j jSsJ OjiiT 

S j j-jc.* 4 Jx-Jt$L> ,« irj«tl L» jS' jii 4. « la « ii L^Ai-1 y* jj'ji l »iJLbi ., < .. < T' 

Oj— ^ aS"" 3^JL_a 11 ojL la p 1 v— j a j)\ ^ .t-Ju * ^Lp ^JLatar 

fi\jpr\ JS" ^> -lull ^TlJUl O’t-ill j^a^i jubl J — il^li ^f>w»UjO 



(jj <Jl £-"!>L**yi 5 iL>lj ajl ylj <Uj jy pJj UT Lar^J^jj J 3 ^il 

J_j ^il ^ i . j , cjj jlp 4jj yi>lj 4^ap ^w^all oljLi^l jytJ \jlJ <dl^- 4j L^ill 

: (Osteoblast) p-Wl *j j*SS U^ULl 5ia — -1 y ^ ^Ja*il 












p 3J J-^-b (Protocollagen) Jj" j-* '^-ky* o-'-J* 3 0 


■ CVJJ^ 4'^ 5i jWL I y»»j-J Jt\ Ly Ui> 

OjSjj i» «-J nC ,y , <ji y*^ (Polymerized) JjY> ;,*»V J>3' yJL ^ (T 


. 5^L>- 4yg>t L^L4 Jsl^ JT 

^_jCyN|i £yJ (Procollagen) Oi-^V j£Jl £-ik 0j_£o (V 

macromolecule jc^" \J-J~ <-> (Glycosylstion) (J (Enzymatic dehydroxylation) 
Li L-> J_£ <>!..»- ^ ball 5j ^sJll b*>bi4 J y- oL-Jll j ly jb*- Oy V ^.LU ji j\ ( £ 

. (Tropocollagen) Jb ->y; y j ij>^> 

Ji' Oy£x (microfibrils) <-^bJ ^ (Tropocollagen) -U SyX ^-^4 (® 


. (Tropocollagen) -1' ^ s^‘ y 

. LiyV y o yli 4 Jl*jlj 4jL»jj\ kJjLa-Jlii y ( “ 

<J j Jjoj p. Jfl«ll 4_» jflll L-J^AjLl £yly i^> j XJ Jl J> .!»• y — > C-J -i^bj 

j y j ^U. _ jj_o I — * Jlp _ cJJ' ii3i f ^ • : ° J'y (miniralization ) 

Bone f tf - w ii ai ^ y3 j Osteoblast (JajJi 5J b}bU ujj 

• 01-*-^ L*jl yl {U x*! Osteocyst Li yXf LU- L* Jlp matrex 

JL> y <_$ 4-— Ji* X-A~ ~ »- jl yl Jb j iib -Ajw b^bi»i oXA ^ ■ j 

v* ■ jL* |%i' lyi ol oXi p l^wll 

X*J <X>bL*> y jJLj . (^jJiL JJ*V> |» y— )X>bL^ y j J (j b J\ 4jL^ll j 

'~3bJf j_» y Jj>-b hydroxyapatite structure ib ^J>yj ^«1> ( y-L-i <- r ~^ j> J! ^ 



• j*— <*^* ^j1«xJi o^loU ^ Jai s il |* 

oLj^a 1 qi li>Ji. ^JLuJl o»lAl^t <J ^ ^■■- 1 ^<fc.«3»l' 

. p ]a«H jf A-J JL*ll il ^1 ^jjjJ aS”" jt 

• Ol*?*''^*'^ Oy JJ~0 (J>i [» : -*■** c^^-j 

J*M JjLSil J 1^1 : 0 h> Ji r — ^ : J> S^t 

. ^JaJl JiLiLi JjUjI ^b!l j . aaJoj aJLJ. 2 JiLdl o*JWi <J j ^ 

( ^-il < » ,lj»ll A — P' 1 ^ O-^ — JU£- >t_Al»»o Ailiil O^^aadJl ^A I AoljJt 

. ^ JAJill J\> ^ l 4^* J Oi\jjJ 0«bu ^lp ^4yMj 

'J-jujj 5_jj^>« ^<kl o»i *ij’.l' j%»\j o~>- ^Ui*i! J.*p JiT 

|v )a«il ^ Jl (JiL-Jl ^r-» ( J-^" < J -! ’£ ^ f 

: ^ .K~l' : telti 


4_}1 j\ j O jjj ^ (J3 Ool LJ ^Jl OoLill <i j!.» ,< *<-l53l jy*-> V 

O*o j* jM ^U-if UjUaU £.Lv-^> oJLiS"" LJsjI J**; L$Jl t (_— . ^>vi Oj^. ^sa\\ 

* o-*li (D) u*y*^*?* (j* jj * ^ ^ b**** 1 ^y^b 

/j* O A^jlzll Oj j.ss\\ ^Lp’j J f (_£ f b jli' -f 

: a* iX On J*-^ 1 

• j*-^' Jb Cj* ^ij^- 0 

. Aj j}£S\ OoLjO^/I (J^L^ ^jA Aj jl^ll ^\j ^S\ ^jA Oilpl (T 



^ ( (J J*JXa Y Y 6 ) ^ \ N J • • • (Jl^P- J! ^Zj £)l— 

ot_i — lj ^ja */ N ; jO ^t^p- o( Vi . aj vi->U ^S\ ^-iJt {j* 

\_£ 5j ^ 1 c->L— J^t <J^>- l jA CllJl 4 .4^)1 ^^pi \ ^ i>t J^l J t j\ ll 

L->^J 0L-J^|1 J , aa ; » . ^ ); ..^.H^jl ailf-l aJ jJl C^lJp- *iJUbl aUIaM SjJLail 

^1 j*Jt {j* Jij JL aSI JprjJ L* AiUiP^U . (J jJl Jj f ^-y* p^JJL* Y • * ! \ • ' 

J^LjJ j ^- Jj -li Sj-i*llt a£\ jjj (D) 4-ijijlprt 0 y* j* (_ii SiUp^jL S-J J* y* j>*Jt 

. A (J Jj*> £A aJ^JI 

i y^S m 4_»t { yn\j^j\ ( y^S m __ jL^-^l J} A-iSjl A-Xy»bj jJt A«.Jail £ws j £pj 

oiLpi (J-L*> ^jpLij^^ \ *» (J jJl (3 -li» (J-L*> Siljj 

3_> jJool >- ^jA <px~« J! (Jja> S-L J yj Jjo ^jf- j\ ij o>l-— I 

(JjLn> Lp jJ' j'jIj Aj ^ l^Jt ^->L) ^ y ij^jL> SiLjJj .la* 

(^ y~-> \\ J Jla* ^Li7jl aJIp- J} piljjji p A* Vi . Jiy^ tf - j-«i 

0 tU_A j iilpl (JUa> ^3 Jp ^* p*JL» i J^ t3f ~ i^i flilait (j f j.y.-ilS' 

. 4j jjL^it oL-yS' (J^^ 


(*-~d 3_*ail ^ — ij j*jj ’i/ »uJl J jiil <jyu~A j^i ^ ^>-1 5^j»r 

^ Ldl j_^a— jV- 4 */ "\ • : t • ^ — y>- . Lfe 


^-P OfrL i^> l— Jajl ..-a P jj — ait ^ L g* 4 ’ . pij*>Sft (J^ip 1, 

-L*J j j^—PnJX 4 \ • J 1 * * : i <,^4^)1 ^JL> ‘. fc , - -**" « 4J Jl^Jl i^l-^lj 1 

ir* <J~* ^ JLiiSi (JjUn £~ 1J > JtliUj * Ow ^!l 4 , T +fh$\ dJjb ^ */ ^ • I A ♦ { j#\~alA 

(jr* «A A4-J 4*«JlPj # yjt.al.1 4 \ 0*« * Y**J ^ 


^ Vyftlj J • ^ £jA O^^uil 4p4>Cllj 4 j^LaJlU J <3 W 4 ^ JJ*** 



1 ■ * jl ' y'"\ ‘ * J L --* Ca5* 3 LLa tjljit 4.1.t*lll Ort ji j (D) vjj<*lZj>j 

. ■Xmj L« t ijUli— < L j&J <J_^lt <ji j& 

lj| J j -It * ~* ji ^ - - ^jiil ojl^l tfjJi ^ 

OjL-* OaS"" JOU^ i_3 j ^ift C> J 3 L^ax— Z J> AjjJl^ll OjU j^3l ft J- A a ; L 

OjL _— > ji ft^b j 3ib^ 3 ,^1 p • (* ■* >?! ' | 11 ^Lii 0 ^J^/l li-A Jaji^ 3l <^^Ji ^ 

ojLjJ 3 1 (^iJ_j Ljf pJLJl Lj^b (3 jj*~“ j^l _ aJU-I a -L a 3 _ jA-aJ ^7 -Aa» . flJDt 

3.^11 3 3 ^i^*-'* 

: jji— > jjiJ^ j ^ ^g-Jl^Jl 3** J^J ^ylJLJl OtiJl ( 3 -a£ 

Calcium and Phosphorus Hemeostasis: 

3-i^il vij^«A_^ . — 1 l^J i ^_* J^j ^jl jjl o^Lli t \j&%2j 

Slat— l ji L» j^gL,a.V«l L.j J> j 4jLj_l]l cLr>^1 ^jA L^.*ftt ...??! oN-^a* l jv _b JLiJl 

• oij* 0 * '-*-*J'yb v * k« >t ox- jS/' 

L. j ’-* Lj^Aj j^a - jaM j f J, -il^jl J. ; i*:i cl—»— <a.i' pi *k~A' -,T j 

Parathyroid hormone (PTH) j-> jU-' «->-*}' ^ jj-k L-a Jyyy* 

viJLill jjadl L* Calcitonine (CT) Oy j* V j*i' • JLi M *>* jy*"- ^yj*J 

o^lil o> Liilt villi iLl^oit j itaLAt otjilit . 3-Li*Al <4t ji j (D) Ovbi 

3-^ tJkll '_* jjJum jaM j Jl^jt ^jj» r ^jtJbl k-^jLi)! 7jj> aILp otjJj J^Lz^^t ^1^ 

^-> 5-JLp ^ J_7r J ft J— aZAJ *V J . A— 51 yil C-ltjt l3 CjLLoJt 3 ^Lit J 

3 l » oLlt Iua *, — ^ |^JLp j^a*m ^jltj — it^Cll ^olt oL)t 

2_ij o»itj t. »1 5 ^ ot ti >-'^tjJ 4_.1 p J .Lj^ULI jL^ Sj ^jL 1 - (j^it ^Jjt Ji 

it ■ a **— *t LaI^* h i i » 'bt ft-ftt a ^ j( i^\ ^^-it v^ImII 0 ^ jA 

. ^Jtil! oLil {j* orjjJi «JLa jt j^z— (ij >ij j-L>- jlS^J_ j 5JL*j 5— ^a j 


TM 



^1p ^ Jj*-j>j 

. Free or ionized J 0 

, M cl) jA jO» JL >%lA jl yT jA (Y 

. ob-JjjJl JauJ (V 

Iu_a 4-Jlp (^.. .—>- . a-I^M 4;..; ^ /. £ © JxJ jJj 

Or ^ —■ a\t J} 0 ^ JjS”” jJ ^ j\^vj J , >jwJt ^y»^Jb 

tli— ij l— Ajg£" y (j!^l J>~ij • >4^ \ • • / jrJ>n— LL* \ • jO I ^ Oy^ 4 

^ .-'iSlSl ^->U^j( ^>j . ^ j ; .-ll^ll <*jidl oU ja jih j ^JJLp- 

j^Ju On— iJ 4J jA jM Crdjylzlj On— i (JjSM * L»jtAj (j 0 

0^ { ^£’ jy2*J f _*■*■*!' j£ j? <j 

• ^«i*,jrL 4j 4 , "_j\ -La »i\ lP 4^r- 

yj> 1"^ y£$ p-*JflLud\ jj *~* ^ill 

C-.^ fjJl L-«j^i <J C^li— ** ^iM C-»Ujjt ^S J> £ j * J$ kJ^Lc — 

tj- 4 /• ^ ^*l*J*J ^ ^ * * / l S? • ^ U% L» 4 ; «.../l)i 

4— > Ij oUk ^1 4j^ 1_>-I oU^i j> ^1p 4 — >1— il 4— «JxM <3^*^ <za\Jl+*jj iil 4— « jr ~ 

• JLj JL*il d->l4 .« pH 4_sr jJ ^y-Lp L^i* 4.,— »i t_AI v^--J— 

(Jj 4_J ^.JaP «^>\i4 ««i fljJL*ill j\ •* <U jm/SC- jfcf- iSs\jji\S' *J— £ 4j?r^i^j«Ji 

. Oj^iii \j&"j 4~S'ji\j 4-Cj i^\ O'U-JjjJi ^ 

^ 45" jL-xil 4w.L«^l ftUapSl' j j Ui ,3-— U5" j 

5J}B ot—> ^li 0^ ^J>A Jt-Jtij . jj jL— Jl^JI ^ oLiJi Jio- 

0*Lsil Or ji Jaui^> Or l^jtj£j\j j ^J^l^Jl A^j—Jl^li 4«^a;il 

^ T wljj ^ JbLrrJ (D) *4 i— 



4*jlJUJl OUrUl?-^|\ (Jji IaJ l»0i,4 L*T pJaLljJ . frljt»^/l jjjL- jjiilj 


^UaJll! j Ojl^* *— • *-*7*- 4 Aa3»-^S ^ .«h ~ t J ^ i - ^4-lJ 4-?r ^.,>.. a)'^ 

Lajsjl l^ll ^jj sl^JL .^; L»5^ , «•> Jjiil J JI^nJ' t*bJj ^ * ^ ■ -* ^ OJ^[jL*j* 

- - ' 1 ^ li (J ^>o jji (^iil (Jjl jii\ Ujb <^~Jij • Lk^fcjl ji\ j( \ + q.s>\ ..rt'.A SjIpI o'hl-Li l* 
^-ii . l-«. ^ 4_j ^ljall ^_JlJLil oLlil 4j»>ji cii i3 (^1 jj-a— 

4_ .3l*p jl~-> 4*0 cUu*S/^ jj-* jy*** j > j~— JlSol jf SiL j c->'i/L»- 

■ ->■* LP 4ja3\j>«-%»>-' J L*»Ajl jjl OiL j o! Oj^ ^Jl 

J-1P L-J 3jI ^ ji.. *-JlS^ j_£ y .„,4 4 j jLuji 4*?r all ijJLi-i -LiP ^«Ul ^ 

J I ^%— jdLAjI .* ♦ «— * — 1 VS** • ^ * i yS* ^ j — \ ..4.4 4 » - - 1 jl £ LR^^j 1 4-^L%^L — t i— V^4 4—ul j 

. 4, USol ^ Silpl Jjjt4 oib j jl 4-Sjij Url Oja j* <^j 

**Vj «-Vr 3^ ^ »« ) l^ol t ■■»>»■■.' j La* * L 4 * 1 ^ j tAf* <^id x il 

^J.. oLl 4>.P al>rl [j C^^JLul <stS^\J-\j S-*Jill! aJ ja ji>\ oUujiil ^_<* 


* v-Lkj L^-Jl ^ y.t»ll) IajUIIm' ^ 

^*iij ^>^1 J^>- ^ (*— ^r' J>-b jjL~jA>\j ^ JT U ^.J 

^j—4 5_SrU » js v * ♦ : *\ • • <3Uaj . oLj^ jj (Jejunum) ^'l^ai' 


4_*a>j( Jib pl)«->»Sl^ i£ yA 

^_!lj ij _j-«J-' J * j-.— Ju>-Ji 4.<*r ^j^*J~ ^ f-Ui jj Lg-stfl ..n Z a \ iloll /-4 

4 .4.:Li 4_«^Jl s -j iali ^-wt .SL« Y • • j^jsJLL* ^ Y • • I ^ *1 • • ijv l> 

JL«J ^jjl (j j l~..* (j ^Jjl jlil . jljjJi j»-3!tJjL4 ^ • ■ 4 I ^ • • lAjljjL4J 

^l—JiaJi ^ 4i> 4^rjli-lj 4 Jj“IJL1^ 4-a^J1 4 Prt^J 4J ^4-L)l ®jjUJl 4 )^?-^ 


5iL s «»'^lj . 4 j ^ 15ol oLJ^I 4j? .«it ^ \ j ./»t.^rjl il *ilj (J ^_Jl (j 


i >1 S-^'j 



; L* j*j Lpr jli-l ZjjL£-\ ijv 



[aodjCSSD E55) cjgD 


: jjJlmja Jlj ^ja J^J ^JijJl Olii! SjSLil^vJL 5 r ^ill OU^SstJ! 

(jy ^S' 4_jlL <_£JLjI ^^A-l « i jXa Jjtiicll ^jA 0lT jl£J 

{j-a ^J-S”" iI-’Ij y ~.***A .» z^ 3 - J l$ Oja jti ^a A.l.t r.iZll jij (D) 

j£i Jj-JL*-' JL*^ LZj lj ^ ■_ a ^JLil J 

ij£' <» ■ » (^5 0 jit (jT 4, illyxil * 

— jLSxp^[1 JJ_a <L*i £ ji '^*p‘ j*— Jrl <3 

•ApL^j j»Ja*ll j jj 4 j j-JaP oLi-< jjiil ^\ 1 ^ |a;7 vl.j- ^l^jl L«_* ,j\i 



4-JjU^ «J>L j jJa? C — <w> j iJU . p-bil ^ ^Um)1 ^jA ^ y-— JlS3l oJb j£- ^Lp- 

U-l Oyyl. <y^yJyJ' J*ii\ 

: Osteous Theory i-Jiu*Jl jOykJl : Vjf 

oJLiJl 4_~J pjJl i** £ y- . J 15" (^y • .. 4 L<JLp Ajt 4j ^ la ill 8 -bA 


lj^tj ^-1 i?LXj oiljj ^yLp Jam (_^JJl Oy 4 yljt-Jl Oy 4 yb tAji ^il (J-bi> Jbyj 

^ajl ^ y— >- Ji 4_j. ^ yw-U^ll jLUij Osteolysis J*>W j Osteoclast 

Oy— — 4 y^ jtJl (J ^*- 4 JS^ *1 0 _^J Jt 3 *' 

.^y> l_jf j ; -U«\l 4 4 iL*l -ij-blP ( 4 ±a Sjyiil <La^]I ^ya.fl J ) 

4 _.a‘J ^1 (^iJ_J l_jf J y» ^jji ^ y-OlfT' lili-U ljuJ JeLA^JJ |»rtA»' J} JlJljM ^ y_OlSvll 

: _yL UjT clJLSi rj..~.T . 1 -iXA j ... Oy 4 y I IjLll j\ y^' AJijiJrl 

Oy»yl jtJl ■< j^J*\ ^ S* ^ — 4 *iJ ^ ■ wll^** 

t 




Osteoclast Jl Lp y 

£!£■! -i- T 

^ a 4 3 4 .1 1 " y -by - — ^ ^ y~— -ItS*" — ► yl -la -b — ^ Oy'yl^t^' 

(*-^' <J fyr- !&' v*t *"./ 

: Renal Theory ^ylaJl : Ul? 

5_jyL^il Qjl-.y Sn ^ JL^ jj_i\J Oy 4 y'yl ..-1 1 O' 4 y'^* 4 '' j^J* r ’ (J$*idJ 

4_**-i *ijy-» J yJ' y— * oiO y«l' y^Lai 4 ! oiUi ji ysUa^' ^1 p y-bL* Jii 0—>- 

(3 ^ y- yS*" y oiUj 4 « ; " »«■ .’ (j y t)y?^^ (j 0*ti-wyiil y5" y 0-UJ1 



ojJuL* ojL> j -Xp'— *j V/ tjS J Jaistc** 0 y y\ jbi' j \J>\ i»— i» <J'. 

JLjjjj J £ \-*y£ y J-*iJ d j-d' Cr* 0 ^~* jd\ y3\^alA\ 5jU 1 ^lp 

}' j-j[ yA -S^^TT-* f j (“ j ^ (Ji </ J Ji ^ V? 

\ ^Jb L»— > siOi U..~ .7 ( j^Cj . 1 . . . dy y ljUl 

*j ^ 150 1 4 ^ 1 p jjJi 4 0 ^_/'jbM 

(" ^ij i ^bL-* jJIiu "t 



•kyj d 

W v) 


< 


t 


ji 0 jjl ^Lll ^1p — — *2 ^l^Jl 0 , L—«>S/' — 

<_$ oli^> yi\ Jj^J 


J jd' ! J Ja>J f-^' 

i_?r ji ,jw A ; 5_i^jJl ^Jp «> ^j-bd O' bl £w2Jj ^-b»J bf 

a‘.*»4^ , dy ^j'jbil j' ji' ^lp oJLii' jjUj ■ »» li >ll5" y& y 

. j L pi i .. «4 j* ^ ^ o^IaI) 0_^autj ^| 4 j yx ' o*b& 

o~— J U, O^jbil jjltii v^' boli.1 b^bU 3uUi_i ^p >,.^:4 ^L-ty j^Uia! 

• ^ j-— JlT 5 jtjJ J} jj*w ^^4 ai-ft 

olL- ^iil J_5" ^-5" y Oy *-■— £«3l ^1 p 2Jbi' <u ^-L-l l«t 

i-j^l^jl ol—ji^l ^Jp 0_^> jbd' jyb ^JS"" 0_yaju OJUi (_J ^ Jl^lij 

bpli*-^ jf IpLii oli-xjjiil jS" y Or jJ ^ jOu 0 y y\j bi' L^ibrwx^ Owij ^ilj 

• ^*a!' ^ ^1' ydl y (J t ^i j^u 4 # !i T? a»j t Lf 



4-fcU l3 P-O l •» Q if *^1 t^)\ — i J&£\ Q.ftilpM k Aj 

V w 1 *A 0 \ J • J j m ^ ^ J pjJl JjS^ ^ , TV) ft 4 mm^P 

i-ijjJl 0^ Jv y; > J ^'j aJj^jUJ ^ 0 j-* _yljLJl Jl _jil (Jax> ^ A..... < Cjtll <Si*>l*jl jU> ^U:\ i 
J— ^1 (3 ^- j l y » J l 4^-l^ij (jy Jl^Jl ^j—» <_? j^-iJ llljipl L5~ 

^ J fl « . » l — «■ j-JbJ . A. jlxpjj ^ « - 4yl « j_S ^ ^~*Jl^)l < j> ^l*i)l ‘-"-'W^ 

• b*-j* A Jl * ^*^.1 A^“^*2»J 

<J SJLuJl 4?lSsJL*j (D)CM^J Oy y~~l l£l 1 J XJjAj'JU! j* j£l l$ j-^-f jjJlJl 

: \jL*ty&\j ^Jljjl oLJl Ji>\J&"\ 

: 5Jji jl — i-1 J ^ — a y*> ( > 

« 3 * C 1 ^ V*^Aa^ A,- ^ ^ ftUaP^fl (V* . jyZiU 

*■ ^ - *>- j • ^ V-*^* ^n — t- lJLA ^1 l . ^ L*^^/ ^ JLp jyU O - Ja 0 ' ^ 4 )^ 

. l,25(OH):D3 Jj 4 c~> 3 ^] a .... ~ : J l ‘^ t ~-’ 

: if <¥ Ji </ a Jt ^ j Vj->jbU ll)^-* k fl -^ r ^J ^-Jl i_1j\ JJJ \J ' ^a> Jjj • 

. l>y^>Lll ^ ^*-~JlS" jji ^ 

. J : I^ji ^LiiJ w/'pj^:’ . Jj-k* 1 OuL-^ili ^i>Jl j\ J > l <J -*-*-'* (T 

. Osteocvtes J'j Osteoclast J' ik-i ^ Osteolysis (T 

. j l,25(OH)2D 3 J' Ji 25(OH)2D 3 Jl Jjula a,j* (i 

jjlii - ^ -♦■«-j C - ;^ - Oi*^ A-3 O'jylJ v_^y*«-I~*oj 

J^XL-Jj.^jil j f _y;-Jl5Jl C->U ^ jj ^Ua*ll J-b ^ - AJ ^ > ~ if 

AJji^lJ~l Lte^JLA j '^f j A^^UAJ ft J a 

(Osteoclasts) o^U»i b^O-i za&j (* J>?tJ> " ■^ s ' ~ l s ^ 1 ~ 




Jjuc* 5_pL*> iLiu j (Osteoblast) ^ * l a»f l *LJI Ij*}I>-j jJI; jv o jl 
Jl j_j Uf . *l_jl CjN-L-jc* ^U> JLpf Jl^oll 0j£?* J^t^i 

fUi*li o'lf'iw J J*Z~\ £-“ — ! J ■ <1^* i/^i* ^j'J 

jl»JI dl-i>^ (Lysosomal enzymes) V^— olc^l JJi »*kj 
C&J js ^ jj-M* c$-^ u^— oU r — -> j Ji tJiJ—i ^ (bone matrex) 

. ^ oil j (hydroxyproline) 

ojl_pi V— *.:-; J Jl J oU— _jM ^1 jlJO 0^* j* *~ij 

J (Proximal tubule) Li J}' L J&' o' L-oty ,Jp _jLll ^ dJJi ^ j . f^~JlS3l 

. (jJ^ll J <0 ^Jl 5 a>- J l) OjjaJI 

f Ji — -Ij _J 1 £• J-^-l J-L-fc* 0iL_j j Ip OJJi Ji S-iL^ij 0j>* Ji jl—ll J—*-*ij 

. ^ j *** Lj ja*)}\ jl Ji Jaip- i-^'i/l | j^jL^S|Ij oli y _^~Jlj j—ai J 

A-ijjjUr-l 0 y jfi> ajujL oil j 

f-i>i 4-~J ^1 p SjJ-iM 0 j^s+D J Jl p^i \a JJNoil ja iilip of Ni . 0^1 ^ (^il 
0^' *- . (cAMP) J' ji (adenylate cyclase) o^Lwtyi 

^^Lflj^-l ^JTj . J^Jl <3 Ipj— £ 4jf 'i/I ^Uaxll JIp ^j a j ^i 0 OLJ 1 — -* a«J» 

J . in J J— ^Jp 4— JjJjLi-l C}j-A J& p—> lJ 4_jjl^*l Lj^ljAl ^<,.■'>11 jj "~ y 

C“j-a 0^~* ^Jl of LOijI ^ j'-L* JUJIj j. Jl$3lj ^Ua*Jl L^A>- JS"” Jj J» ^ 

(_j-J J» (j— ^ A-i J^il 0-»L-~iS/l ^ • 4_y»Lfl*<*l iolplj ^Ua&II ^ J..^ll^jl jl Jl 4.Ut» 

J-S' cOL5^ l^i I— < j»l Jl jj-P (j-- 4 4_jf j^_j ^ il^Jlj ^ji^ j-^ail Oli J^Lsil 

l». ja:ll jjjlJl O-^ 4 J ^J’3,wllj 4 j J^J l <L*v-jSl (Jp LijijUrl j *-~ fr J jjl C->ljyllil 

. 0j^_J I l*iA L>- J jjl oljjjliil ^ ^>-1 al j:. ^ ^ Jr - of jf (cAMP)-li 


rr\ 



: Calcitonine j - .»js~ Jl&l (Y 

J — (C ells) fj —* i > __p ^ of (_* ■; 1— *5"” Oy j * r jj-*i 

i^-»L i jjt j. S' J > jyZajj . Lfj 4 Oi-i^ 0*liL— JlI ^ J 4_»ij jJJ 4_jUjtll 4 * - ** i j ^- 1 

Cs * Oit^ f ^ j $->. <j f 

4 Ifl il 4 ** - ^ jl ^4 mm^ jyij , 1 s 

< (j 4..»‘> ^LLj^l 4 jL>^l^IS' ojl ilijj j j ^S"* 

O-^- -ia_ii -i k^-% jJbJi \Sa of ^1 . jLJl to* j JJL* jub rjr ~ipdl . fjtfl 

• fjH Or 4 jOtll <olj »11 4 -p-L^ 3 >j ^Prwlll 

® jj-^ W- 4 J^j : : <J5 uy ^ : ; Or^ ® JJ-*,} ‘—’W*^ (C) 1 — Oj^j 

^ xp 4.jli«,/ij 5j 3* jJUL, ^ . . .-^- 

JlS' ^\_i) jl 4_3ftji> 4 — 0-*-A^- . 0_^_jA O - j* - ^-lil J} *;■•*’ 

4. .tail ^-Jb^ilJl 4_Ju^- jj ^LaJjI 4_j jl C->\.,...^-l <j5 oil—; J <<—" oJUi 0^* 

j (Endoplasmic reticulum) j-^N' sSL-jJl . ojl ^Jl o^Ljj 0 y ^ 


AjIjwI^IS" \q .-fli l_J^jl-l J, >r Jas* LfcS^ . 4jli-l S JL*» (J C-»l> ^y> ' ^ -1 C- l_C. ^C) 

(j—ij^-^ i ^ J1 — " (J f J : j 

— JlS' — •>”[ -Xlf- (C) J 4 " * 1 j 4j £”*"^ 

<p j (C) Lj^>" (3 Oy A—j > ^Cjii Cj^y^ 

>jJ 1 <* 3 aj ^S*"" 0 

• 3 f J* ^ is 0 y ^ i* 4 .nl iSCl) ^1 ^ * »«4 A )l 

i ■ t 4 AyLftl l 3 ■ ■ * " *» i 1^3 1 A l^ wx ^5" ^tU j fi l M , «J l^J 1 

A^l oj L>[ ?r^J *AJj , tl p J J 4 , 3 l 5 ^ 4 * ■>*» i 3 (^( O y >~ 



«>* £_J— ' (Jl J f ^ J ^ J* -ii» Jj 

2^ -^1-^Ll 4 *^.Ja<k' oaLj ja jJtA h-juj ijy ^, . —^*11 J*iil jf 5 jL>mi— i^l 

J^l (J <JL*JtLt <_jjL>««jJl ■ ~*J JJilj . .,?? Al C^ljL»ajtll ^J5 ^ Jl^ll 4 ■ ■-;) a-bJL ^ ll 
t ^ r Ji}j i ^jJ\j (Pentagastrin) jij — -U-ln. j — L pAi -^yj (Gastrin) <ji>— U-l ^ 
c— ^ Oy y:- - J l£Jl jl ^jl ^Jlp 4— i> (Glucagon) dy \^ JLLlj (Pancreozymen) 

j\j 4_ .;> jU 4 .^..JaA' c^>LJ y jl ^Jp 4_j ji j ^ la*i 1 £ 4_JLjA 1 L-ij^Jall 

oljj j up ^jlII -JlS"* <J} ♦ t« 1 o J^l <3 Oy 

L* jjy j _ --H^l' jl ^_*l JjljlC. 5— *-JaAl djLJ _^il aJAj 5i^P j5*Jj bfj . 44.1*11 ^ j j . J lS" 

jl ^il J JLjc* ^Vjj ^ ^..-ll^Jl (^j -.il 4jllp 4 jiJp J jLJ Jju ojl yl 4— ii Ji^- J 

• 0v^ Jytj J**A»t *N L>- j Ay » * « " J1^)1 

■ J ^" </y — — * y 3 — ^ Jl * j'y-*! 4 — ^ j' U?y — j — i>- 


. (hypophosphatemia) ojU— ylt <^ y— L> yww (hypocalcimia) ( >-J' 
■A— *>■ «y (Antagonistic) Aw* jUi> ^y y— JlSol j SJ ja jU-l Oyy y y^jj 

yU»^*l SaLpI ya-irp j (Synergistic) 0y jL-^j fLUAl J ^ Jl£ll vr' y J***> 

. 4.^01 oL^I cljLL* jhAjI 

4— ^^*4^4.115^ ^j/3, q-*- ^1p 0y 

0^-*ys ^Ap^i^itj Auill «jJL‘ Jl JlAljj . ^oll Jl ^Ja«Jl J^-il fy Al£jl CSs* 

LA . fJLil 3 O^Lj ^aAtAl JSs ; i>l j ^ ^»..^ll^Cll * — - -‘j‘ ■ ^r * ■ «.l 4j>jJjl^l 
(Jl— Ait Jjjf jjy j*< ■wll^U ^—^LAi ji-jlJJ 4 ^t. >»* 5** ^JLjl oli .» jj jl ««».* ^y} 

Jl ^LUAt Uli;^ ^L«— Jl ^-Lpj ^UijJtj o Jl <?!wjS/l Jl ^-Jt ^ oLL« ^ill 
oUtjJ-1 ^ Ji^ Oy jylAl A— (D) Oy*l~^ 0y y--Jt£Jt J*i JaJjj . ^ill 



• ^ oldiil y *J\>- y^Ap ^Lp aldiil 

A — *«_J ^oil J,l ^Ua*il A y—JlS^ Oy y~— Ja-ili jyldi J 

•^ijlj‘ (Osteolysis) 4*olil ^1 p duiii ojyU di Oy 

j^jU y di-idjyj Jydl <J "J— i Cjl'* y^d f y**" jt yl 4 (J-U-* y yJ y^JlfCjl 

• ^ **— ^ d l^Njl yLaid $jlpl ^1 p d"*"^ O y M jy\jO ^p 

. ^y y .-.^ i ld'JD _ i ^jLp — A»ljb 4y*rj!iy> ^_ju\jd j *5% ,i yr j »- ^?uU L* v*-P * 

. d~"*^ -Ut> fjii » y-JlT o y*~* ^li7 ji y os')/ y\ 3i_b *-! j oj^ '*~g}\ oL : ! »-j-l Ajli j ( \ 

. ^Ui*is jjA^yj fj. — US’" sl.b y j jUr'i 0 yy> J yi* J0aj[ (Y 

. ^l^Ji y_ y> y Jy'! J JlSolj _;y~-y^ ^iy-- <J-i** , ^ : (T 
C)y*yd^~dd y^m ***J\^j^ ^y d^ 1 0^ y&* ^*Lp ^ ^ (J gpjo 1 Nw i-J. & 

Dual £-J-> j-lt V-Jl— Jl 5od' ^JlilP^t jr-Jbji y* ^ jj ^lp J*'y j 

5_! jL+ jJ! J?d— j' j f j£ y Jai>- negative feed - back centrol mechanism 


y—J j\ J y—l\ y 0 y^ljM (/^ *-^l— /V jjJ' oJi .id) J . oLili y *Jlp Aw y ^Js- 

^ j v j • • j* ■ •* i .* ■ i' * i 4 ^ >tJb 4 jL 3 « ^ <n«i 15 ** p ■ ,rJ n * ^»P 

* ^wiji ^ %. ..- 0 1^ ^ Lb^l jlp a^pLA d^*i ^>d)i ^ 

4 j * *1 | < i t j 4 jl (^yj L 4 ^jA 


0 y Jl jy IJ A^ly l^w* ^ y-i- SijLill^ i^dl 5 jLi»'^l yLJl ob y ja. ' . l l o>^«-— . A j 4 ii > uL\ 
(J d— y LS?^ jy— yJlj y d^ oLill 

jt — i ,jy jytlil u— itj*- di 0y y- d^3'j 0y Jh 0y y**^*^' 

4 _y^jtll i JLS *" j . .»Jl^Jlj 0 y < 1 ^* c^” ^ d { ^ J '’“' * 

j ^..~ l l^)i jS y ^^* 4 Jty - J^A--yJlj ^y— Jl^Jl y* d^" y OH 



A-Jj L w) yljl«^)^ jl ilJb ^g_ft ^mmXP Crijy^ 

(j ^ Jl^il y_~^ <jv 3i^L*Jli . Li jU <yL-Jl <iyaJb p-iil ^ jS J> yai^- 

* ■ ■ m A t ^ ^ I * m> A^li «« Ai ■ w^N P Aj^lp (J^A ^IjLaJt jl ^ji A^jij ^U]i 

. yj y*. .J l^il jl yl (J Jbt^* j pjjl ^ ...llS" 

: aJLusJI uil jij (D) ( r 

J Jj-iil (j^-x; ij-wj £— ' (D) JyLiij UjijUrl dyy (y \f olj yU '-r'jlii 

y^«i n • - ^j§ l*> oI a ^y^\y ^ ji« i* ) l$Ql cyly o y yl^L*ll ^ ja U j^>» « <s~)\ jy Lil’l vti-L* C/^t 
dX->j£ 4_iL>^U a y>- ^Jl i>«— jty y-> fy — Jl^Jl jJ-jy£ ,ya_?Ui (D) yy*bui jylj 
« ja lpl ^-JLp (D) (j^*l *y .Xpl L*^ . Ja .P J6-^ j j< *<y j_^l ^ l mall J yS_~- yill 
C->N b>- (J (jylljiM tlkp^i A-lpj . 3 -^LjP- J y ylj Ul yxa» (j pL*>S/l y* Jllxil 

pL_M oi -L_-J a—U j . A_^Uil a_w» ^il yal^l y_> y A d y ylj' — Jl ya-i 

U- 4 0— ^ 3 -^' (y^- (°) jyslij Jlji^ bic-i ya£ <^-ii' Dihydrotachypherol ~il 
L_J Tw»y 5ii<»( y <iy-J L»j . oNbU #•!#> j (Colecalciferol) y>*L^iM pUapl, 

* (D) yy*U«i j 0 y y IjLil yy 5i^L*Jl 

A. «~.i y LzJ ^| 0 yyljLib (_£ AP yajir j (D) yy i*y ; OaLJI y*>“l y> ipya^T yi>- UjLP ( \ 

lZ^L_)ly«»- ..K$3' t^>Ljjjl ^l^j_> l ^ '■> APy*5rl ^jw (J} .o i l^il 


. ^ Oy* yljLJlj AjyA^lj 4»jLiM Apy»«^l 

JUD) ^y* L jL> ^ 4jL^1' A ^ T 

c' < a^»j j*— j 6 ^Lj^ 4w«II .«■■*» i >» jjfli ^ ^ J; ^ 

0 j* ^IjL— Jlj oUI^-i-1 oJjb ^jA ^*1 4p^*j 4 Lkijj ^ 

, ^jA *£* y J ^Jl ^ ^ ^jA Jiilill AaaS' v!m> 1^ ^bj 



^ ; " »< i (i J— LflJ J J A-Ajijl^-1 Lfed«XP 0>U1 Jbjj 

•r ^ 1 JJ*~*J*J Cr* J^O?* (D) Oy^H o^“' ^ py" <j ^i)l 

£— ’•v 4;*-Ut ^ <*J 4j1i jj»- jJ (D) Oy'-r* (_r^j 

. 24,25(OH)aD 3 Jlj 1,25 (OH)iD 3 Jt aJL^I *4l >J JT 

Scope of Vit.D endocrine system (D) jyliJ fU*J Jl4 Jkl! J^LxJi r^S-J 
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MACROPHAGES 


MEM8RANE 

T-LYMPHOCYTCS 

r- 5 

CWARY 

(octnmled) 


TESTES 

LEUKOCYTES 

i 

fPIOICNMUS 

MAMMARY TISSUE 

K - J 

COLON 

CEREBELLUM 


SKIN 

CANCER CELL LINES 03 


PLACENTA 

MATUH GRANULOCYTES 


-ABSORPTION-C#** 8 Pi- 


-M08ILIZATI0N/ACCRE TION-Ca* 4 8 Pi 


c£j~ at ’ jyN (Pi) Jlj (hv) of -1**-^; 






ol j\ — 0 j — • j* j\ — 1** 1,25(OH)2Dj — Jl ‘-ij 

t ^ j ^ oWL^*| p o.aM qUj i 1 •** c^p 

jup 1 - hydroxylase (►*>")[ i»LiJI jt Jl*c» oi . J^Lxll 
J* I J j\j-*[ J (*-^V Cr* Lr^^'j ^ j 

4 — 0 y^jaj Jlij • A a.t.A^\j j-Aflj ijj\? <JA>t (J^b“ jj j^ijl O-' I a.m 

</ aJu*) a-^j (Jj yl? Lc.j l,25(OH)aDj -!■ 0 ^* y £- Va>i &j*aZM 

1,25(OH)2Dj J' j^*ij ♦ oULJb jXu JL4 j Jibj 1 - hydroxylase ->' 

jJ — L j j\ j»\ j»-iJ AjIpj . 24,25(OH)iD 3 -At; 0_y > 4 ^* '- ) - v * -r* 

tU _£— -"i 1-* A-Jj-A^ jj— 4 ‘^~* r JiJ ' *ty^ * JJ*aM |_J IAjw.j (D) 

j' J-i-A*il <_-Luill £_ri jJl aJLi Short feedback loop ^—^e- ^*'-^1 <> * yj 

-*— * 4 — ( J-^ i -A-^jj • *— j* J " 1 $ _/*i O 0m ^ si ‘ 

(J-A-*> ^JLP jj-jAJ JjJU 0^» y*J oL?rjy^^l 

®*A— ^ 0 -Aa* A-lpj . l,25(OH)aD3 0^* y* ^ v» 

J_T ol ^jlp o j-i all ti _ ^ ^ _ ^l» i,/> 

. a~».1 j .J a£j Jo; 24,25(OH)2Dj -1' _j l,25(OH)2D3 

(D) Oy jj^' t y-~>, uy ^ f*^' J 

ijy'-V JiJ -a>w-j Vitamin D binding protein (DBP) ~> 4-ic- j c>-a3'j 

1 *> * — j O^ y - A . J ll Jj la.i.y) yli Aim tf jly A-mM^IaII £jA AmXj jJ* J (D) 

oIJaj^^'j^T^TjU- 1 J-^ <^jJl Corticosteroid binding globulin (CBG) — > 


—> L_-Jp ^ — -I' j aj-a, jj^. y\ cjL y yi! J_*ji (^aJl jd ^U-lj Glucocorticoids 
Jj-^^ jl JuLJ Steroid hormone binding globulin (SHBP) 


YYV 



( Monomeric glycoprotein) (pH 5.2PMJ (DBP) Jl j 
. L> ^ ^ ■»• ; ) j ^ia— I ^j jj*ij <3^ j' • • ^3”' 

iULp^l Jl j_poj L_jf alfa feto protein Os^ ^'j OyL*^' £• > (DBP) J' 

(multigen family) Oj-’*- j-* j LUU UoT tfbLM ll/uJjjJI oJLa of 


. (Duplication of common ancestral gene) iJj^* ^iL- ^ 

‘ ljujji 'jt' • jLp (DBP) -li L>f J-X-> J 

25(OH)2D 3 Jij l,25(OH)2D s J' Jt. oJLudl <4^ ^ (D) Oy^i J*- J* ^ 0 

. 24, 25(OH)2D 3 JIj 


.^1 j ^l£ ur (Monomers of Actin) ojji (Y 

l y—* 5j jU_ *J il oi ^ia— ^ (immunoglobin) ,yLll oy ^Li-t -kJ^ (r 


. ( j3 lymphocytes) £_ >i' 
y J** *h )° *t^kj 

_b -.J 2 * ^j_Lp 4_OL,>.i ‘T' jJl . " . , 4j-b jM 


o>bUi— 11 d-L- J ^ >UlI ^ ^Jii Jity JLp 0--J TO j l,25(OH)2D 3 

Lao a_»Lc>'^\j ^Ljiiijl j J-* 4 .*jl$z^Jl1 cL^p^I 

^LkJl <L~»L*lj! o»L-illj ^OjLM o J_i]l j »j—^s oJL£- j ^-L 

o^jfrJU ^ r ;LJ J :>a_*; viJUi ^-fvj . reticuloendothelial system 


, ^ JlUi o*Lili ^ ^ i j* ji>\ (D) Ly*L«j ^»llaj 
*->. ^Vj* • • J ij =» Oj j ji ivjji if- l,25(OH)2D 3 Jl J*ai — * j 

OjLp^a^ 0)1 -la . -^i jil jil ^ ^ l»ij — X— i» UaLijl 


^ LJU- iLJ— Ji AiUa^U loc , 3 P and 25 O^e ^^11 c->l ji ^1 p LL*-Tjj.l> 



_Jl J OyJjZ* dJLL* J-fj seco -j' ^ y-Jt ^y-> (B) *ibU ^ 0 Ji J> o>i ji A 

{j *~£ J £. » l,25(OH)aD3 Jl J — ;* •»- 4 ^ -Jij . l,25(OH)2D3 

. nonhistone nuclear protein ^ * ja* ivjjt o* • jW* j / 

L_j^Ai-l ^1 p 24, 25(OH)2D3 -4 *^jji .ayw-j J^V-41 js-^j 

®JLi i--jf 5 ^lU j 0V- Cr^- ^ J • j^-' j (chondrocytes) 

• proteoglycan -4 ^ . o^La^JlI 

4~_«j L»— S”" A_*>-l4l ^ y—41^4 jy.~C j (Jy-P jT J aij 

c.^im‘iC oJla C)j£sjj . L^j>rli^ ^JLp fi.ApLkJ.lj (D) 1 -^j 

: c-»U-7jj>li o4*j . <1 . S: .«. c , l,25(OH)aD3 4l -44j 

: Tight Calcium Binding Proteins* 4L; y^l oUJjjJl : Njf 

. Calbindins (CaBP) ob> ( ^ 

TroponinC , Parvalbumin and Calmodulin 41 J— o*>La4l oLJjy (T 
(BGP) 41 jl Osteocalcin -lb j ^1441; UaJ J jtjjj <44-1 jb* <jv*j6\ : b4 
* 4-1 a_<a*Ji ^le- (S j—^ <f i — Wj Bone gla protein -4 ' jUai^I 

. y J}\j\*r 

J>-b jl>- _ y s_Jb {jf- o jLp Calbindins (CaBP) O'bJL-JUxilj 

JLw-jj Nj . A-Jl-Ul «j ^14-1 w»U-Jjj?3i ^y* ’/ T I ^ ij C-- ; ?- A a. >3; el*>^l 

fJr -4l£ll yj jUfcl o»>*- j Calbindins (CaBP) J ^1 p JJ^ ^ 
4-lpj . Jy* \ • jJJa; J*— 4-i ^ J>-b fj-»4l£il J> of • A-Jbi-l J^p 

C;*^- J-^b Calbindins (CaBP) J1 ^ 

. ® CjUjjS/ ^bll jS^ jX 1 iLiiil j^bll ^1 oUjjf ^jii ^ 



jjJ- U}U -1 ^ juuJI j Calbindins (CaBP) Jl ->m - ^ V-^' t v - NJ ' 

jj-£ ,^-Jlj ) ^J^^Jl l_J^t>- 3j«i*Jl *Url jf ( D ) tjyi*- a) 5jIwJL«I <la-j ^il 

br Jl J 5 ^l) Jl a j -— * O'Xi’j ( J«»^lJl) *_ Jl 

vJ U J : — 11 vIj ^_j>JJ Ji ^LLp^I Ji jJi Ib^i j i) (Purkinje) 

. sill; j Calbindins (CaBP) J» ol j/tf Jboi- 

! 4.1 .i»zil 4>rl ( D ) 4.j..«<L»*^1 4j^- _^ l^Jl i«lJjylJl 

. J-Ul jjJu- jij JlS"" | j»al .,.-a:.«l 4— J ; gl **ty j ^ 

. Calcium resorption *^~JlSJ *JJ' ^ j£J*' j (T 
Sj ^i^jl uA-J ^/1 l* j^»l^al«l ailp^ (OLi-< ^Jl j ^ j.-, )l$Ol jl ^ ^iaij^ ; ^J^ll <j (V 

‘■J-j y ' j^J l,25(OH)2D3 Jl ;y oljJb 4*J* -oLxiTj 

. ^iilj * y-~“ *ll£jl 4 ..;7 ( 5*.l ^ : Jl l_j^l>-l ) clit^l <J 4Js»bJl L^J-1 

OLi 4 -bU J^-b Steroid - receptor complex J»** <jk jj^i ^ jl j 

_Jt j__, (mRNA) </jj-Jl jJ* ^ J-ou l,25(OH)*D 3 Jl 

^ i-JJb Calbindins (CaBP) Jl j-> 5— jJJl viOl JJjbCalbindins (CaBP) 
{j ^c*Jl£>l 4 jJp Jg J cla>^0 iJbrll iLjail J>.b 1 ,25(OH)iD 3 Jl 

I J^l ol^la>- 4^>(I cl*-*^/l j ^ ^j-Jl^ll JllJ 3JJp 

iJ^Jl < 3 ~* & 1**’ , K ^1 0 *li cl*4^(J 4 JI 3 J 1 I 4jl ^ ^--IKII (J ^ ~^- "> ^ 

. iji-l jS- ^jjJl^ll oUjjf jjliil (Y 
. ^•VpLoII cl.-i»ll jjp iJJ-l ^jl ^ 1 ^^Jl^il <zj\jjj) ^ (Y* 
— JlSOt oUjjt Jliol oLL^p ^1p 1 ,25(OH)2D 3 Jl j(oU ^ Jl JCJI j 

. cbwSO AJbdl \jSiU J>p 


YT. 



MUCOSAL CELL 


SLOOD 


BRUSH 

BORDER 


Ca** 


LUMEN 


2+ 


Ca 


Qtycocatys ■ 



1.25<OH> 2 0 3 


‘SLOW 
|<Na-Ca-ATPa*e 


Na-K-ATPase 

;<[(Ouabein 

Sensitive) 


•RAPID' 
1.25(OH)j D 3 
MEDIATED EXIT 


I FACILITATED DIFFUSION II INTRACELLULAR MOVEMENT III ACTIVE TRANSPORT 

A)Aeliva transport A) Mitochondria! binding A) 'Slow' energy dependant 

8) Ionic dlftualon B) Vesicular carriers a>U 

B) *Rapld'-unkno«rn mechanism 


pLfc.SU 5J.UI1 L^UJLi iS cUiil LsU l,25(OH)2D 3 Jl j (D) 

S-Jji-1 pLJl; JaJ J>\ (ATPase)J' fij\ L-*- aJlA j aLi J» P ai jil 

^ j . CjI — >L> *£- ^iaj ^ JJ jXj L* . 

jJ— ^ ii 4 jL jip - \Jijtu 

^JL» 5-JLfcll aJL* j Calbindins (CaBP)J' ^ ai Ajt . Ll^-' 

.jJlfciM la.V.M jb \ . ^»U j ^ Jlijl 

0^-i SLiLl'i oLJjjfjl (jJLja ^ . la:7 Jj l,25(OH)iD5 Jl AiLi^Uj 

i^aJl ^jLil i S i l i L^aj ^ ^ iajk 

: t^- A ^ ifcjt Jl stem celi defferentiation UtAi-' jJ 



. (B) and (T) ^ (Lymphocytes) o>L ^£31 ( \ 

• (Eiythrocytes ) <• A^ujl ob^l (T 

*jt— < - ■ Ly!&i~lj (Monocytes) LJbU Sjl-j-j d a-Jl o^aJl oU^Sot (r 

. (Macrophages) 

. (granulocyte) cdy^&l ( t 

ly^LUl (#) l,25(OH)2D 3 -13 ^Lc- i. ^1 ( * ) i/>U}l 

. l,25(OH)2D 3 Jl ja aJULS our ^Ji 



rrr 



j (Promonocytes) «' j-J' S-V"j c' U j*LJi J£jJI 

<iS%ki — • ^1 p (Lymphocytes B and T) jli-JJ! b!>U-ij (Monocytes) «-U-' j 
L-i^iU >i j l,25(OH)aD3 JU l~ty jjX Jl j 1,25 (OH)iD 3 JU 

I 5 ^ i-PjJrl L^iLlj i^Jb 5j 

Stem cell — Promonocytes monocytes Macrophagocytes 

5 — 3_>jU 1 L^Ai-l j—e- i jL-p Macrophagocytes J' L of -t - Iu.j 

Lj!>UU <-x*zS <^JUl ( y - interferon) ( jj}A L*br) ^ . (Osteoclasts) 

r LWi £_lii j o fdll j* j£j ^1 p $± ijsll (T) ^ V 

^JU- jJjj d— l,25(OH)aD3 -i' ^ *Li* bone-marrow monophages 

1 — i^'jMacrophages — 1' ' — JbU j. 3 ^ 

OjJLiil JUbJbjj J Osteoclasts* jLW 

: (D) (jy'ij ^Jl jij ijy j 0 j4 4 JaC1I Cj!j^ (J l 

Integrated actions of parathvroid.calcitonin andVit.D metabolites 

(j\j ^ ^ jj*-- 1 f ^y> <3^ i)L>- ftli 

^ ^ SjLpI — ^Usudl <3 ' » j:;-* J ~ t » j ./»L .3,1*1 

*-? D jyLy ^r* ) 1,25 (OH)iD3 • 

Iu_a v^i — SjZjj . «iljj ^3 

i<i jj JL ^ . Tt jjb ^—a ,^1p ' ■‘ ,ji y o<sIj j JjbcLl 

j ji ^ I — C.jj r ^J lT 0»b 4Z*aa <L?r ji 

OH 0 3l ^J- 1 (^1 0^. 4 — < j* j ~— — <J 

<J^ ^ <*a> \ - a‘ a\ S^IpI ^ *jl Oaj ( S* ^ ^iJ — j 


rrr 





«Lj jt Jo U£) . t>J l£l) (j (oUj^iJi ) aJ^JI <x>)x>- jJI <j aj jjKil 

5iLj j a_j^-U ^) l— ») <io\J-l OJ^jJ) Aantji J-iiM jj. iL* jij ^ ^ - J lfT J Jju* 

oLa»-L>-| *^1) ij I jJ) ,^Ip #j) jil Ju*> eibj jt ^Ua*J) {j* ^ jj—Jl^i) 

fj : J- ^ 4 -J p J • )) fjfr*" (3 3^3' ^ C-jU <J) (*— Jr) 

fJ-i) (J) A_s<»Lual>i oiLp) j' ^Lk*l) -j-* 4^ ^ AJjijlJ-) j y* jfi> Jf> Jla ^ ^ j^-Ji 

• ^-3^3) <j l,25(OH)2D3 -J) 4a*-i aj ji$v)l <x>L~jSl' ik— <) ^> <_£ 5 y* 

. J li" ^-_S" J> Jljj^ 1— *.1»P AjS/ . 0->LA~*«^i)) j) yi) a.s\j ‘,3 AJ^ji^l^r) 0^»* yA A »J j vil3j ^2 

JJ»a 3) ^ J ; ■ • j IXJ ' o ' A * m y^ V— ■«■•< y« ) . j j j It * ^a 3) J " - * eilp ^j^3uL>*_1j m3) 

O'— £*j 10 ^1—iJj) JLiP a .Z.iai-* a_aj ^ iaj -li jJ'j a ^ ^)1 i?*— j^|i j l^-* »_j ^.p y 

% o L L** ^ aj'x^ 

. f*J— )l m ^3 ^ *Jl3sJ' (^ ^ i * ■«>* AiUj k y JLlP yy 4^aA' ^Jsuj 


( ^Liajiii ) ^_i£Li) Jl_^Jr) ^-Ip A—ijij'Jr' 0 y -* _yA >U JbJt*M 

tjU JMAm] 1^3) jl^j) A a mJ H » j *l^J , ^J) ^ dilj jl y*— •*) jJDa^J ^AlJ 

o'yi— jiil ^JLp ^-l-J' (3 p . J lN.)' ail_j j k _yi xi ^*-.~. ) )>JL) al*>S/) ■/»*■*' 

^j) ll ^ * ^153' a!a »■**) ^ ^ - . ..'l^)\ j\ Jjbc* # aIIjp) a J a a a) ' 

. ®_^y) A*wjS n aJj f"^3) L>_w— > JAAP j ^L^l) i fW j— il^)' 

— il^J) (J-rJ 0”^ J •J' l—Sn ^t,- • ~ ; * _y)' ji >'-?«)' ^Lk*J' * 

^ ^-3^ A 3 a *) ' J— *- »j )-l»J . (ji-^ j) j X/?o^ (J^*i jy— y3'j 

c->Lj3) a_JL*p x>'JL?-t (3 a-_^L-' A_i_ / kj iijLx ^LJUj ^jlJ) j 
P a*) ) j' L g r — J) j) y'jl' |». k:T jvi>j . Jj^dlj jwa-i)' t>-d) ^Ip ^_»- — il^J' 

^}ejj 0^13) j)j^ij ^*k*3) ^jJC A +> y* j i) C^Uaii) {j* XX»)l 3 k . —'''yi 



^ jf <y jit^AS j&P ^a 4>^i UJ . ^yi-J I 

• JJ*— jA^ jt fj- IVSsJl {jA 

: Qj* j a jljij Jaw 5iU j j^ftj 

o* ^ cr^ jj& <Jl U^rJ- 4jj->jUrl oOill j\ ji\ o*\jj if^jl 

(j- 4 J-^* V-' — *- ^j- 5 ^ dik £^~o • d (3 J jA-x jiil j -Aj !*•»> 

. twjLiii olj aJ tJaLj a** ^*ii*ilj 


: S^uJ I tjl ./>**. ^l js?(j 

^-1 |l lj - Jl5dl 4. . .... i , al ^1 S jJjijLirl jj *M ( J~-*"' 3 ** “1 i 

J_JL* JjJi ^ u( . (hyperphosphatemia) oLL- jilt ®;>Lj £> (hypocalcemia) 
jj^a-SJ >_.; --i j . (hypocal curia and hypophosphaturia) jy^ jii'j ^ _y- — ilSClV ja JT 
tjl <iXJj ifiJ-ij • J S— L«p- ,j «Wj fjs— ^ fji-JlT 

l» *5 ** * vJ al l ^*»fyllj ^ ^)l tjLtai 4jl ./rp oI^um; 

o-i-* J r .»7j . j j*dl jf O jib Si jJ..iati O^LiaP <j} 

{jA JjL^ (^L ^jA^-b flj* t yC^~ La 5"' . Sjj-53l ^jp Ojvi^ all 0>bt j-d-l ^ J>'A' 

oilp^| a*«Jj ^ja^- 1 j C^*j *bu ® j> y^JaJ bjjf ^ j ; ..«llSdl ^^L*f 


fjJl a i< — i 


YTo 




■■ ■■■ ■ ■■■■' — ■ 

Pancrease 

L^lc- j-* LwJ lib ***~ J^P l^bdl OjU^IJaill jyJO 

(J-* t ^-*l**'S/l J— { «J Jl jJUail jOo jl 4jjl Jl oUljjJxii ( j fjJj*0 j £ Ji-li • *■ ; ■ «•* * Jl 

^Jl ^ ^1 p ijOllI U^li-1 ^yuul <J NJ . »»■( Ij^>- (*c^ <3 j.sLa* 

L* • yUait - 4-~J)|l J 5-jjkjJl Jjl* _ (,£ ^l-iill J : i « j l 

J^S"* JJrLj .^IJO^I J ^JLp - J^“~ -i-p- Jl - 4, ; .^»ll «!/)(>■ J ^il v_ju Uaj ^li 

. yiioiL ojix»i .,.-1 a y 

4_>f jj ^_ip f I— ^ «•« : * Jl (Jj* ^J^jl ) p-~ i-b iff* JJ-**£J 

{jS- n . ~.;M £j*Jr *w-»<VlLij y* :«-ll il-L*^l J j «-T« * oli |»jjl J-J" 1 ' J 

0-*l— j>*>l 0 jj3rlj ^—j'^I Ji£j . 4jjli£-j j»_— 3rl <iUoM C^LS"” <J.iLJ 

t^-Ul Somatostatin Oyli— Jt < Oyy Jl 5iU»NU ^b j£j' Ujyu ^Jl v- 1 — ^ 

gl J a P\j/l p. &f ^jJli 4 __JLpj . ^»L*^/lj j.J' J Sj jjtll o Jbtll auiSl J y^i ^^Jl a jj*i 

S oLj ( ^_ 1 Lp «ii>l^lj fjj L ij jil J*— 3rl (J Oj^j»-1 

. olWJ ^uil ^ y^l 

J-iJ 1 * *'j— * ,-* — -M- *»■— #tyj tL-ipS/' J-^ \*S IjJb yjij 

Op^tpL-olit 4— *1 j <_>l 3 0l^ J 1 " 4. .«■* J) iliJl j • iji < r***r > 

4_jljJi J ^3' j OjaaJIj oUJjjjilj oul (Anabolic reactions) VM 

(Catabolic oO(pL_ju jUrt l— jj~^ ^ y— <■■*■* ^Jo-jut- Jl 

*-***. ^ y-^ Jl j» ^llj reactions) 

O^ipLilll 4__*-li-l (^«ll U-7 0 J 9r '^ Cj j— >^l (j* jjjill ja.J» ^Ip a j*Z*mA 

. j( aibj ^dll jLat (£ y.mA (3 Ji ja-*J »—■ lalll LolAI j( 4 ^jUJI 



ijl? 


JH t i-ll 


n \ i j ^ i *m«v jjJsiij 

Endocrine cells j\ L,*^ LijJj . Two diverticula of the duodenum 

. Endodermal origin yy yi[ £jA y> ^ylj .1) 

. jUJl ®W^ <y f yh jjs- (^ yi-l ^iJLpxiii i ju j 



! y U j^i-d t *r*5^" jr*^ 


A_Py«»£- 




-UM 


Cr* lT 


L 


■O* 


iT _rv_^> yjfl j( 5U5 o yxd l*> £_->or cjLJ Tubulo - alveolar glands *.1 y- 1 - 

. e-\ » ..■a)l ^-Laj) -il-Lf- (J5 j ■* yj AjsJ^j <yd j £^ c -' 


<J' <*, ,.^..< J J_>-lai'. ^ j * Lj* 0?— * £ jd->4 y* yW 


\ 



j * i_o yJ^/1 iji y_> Lbjl ^ y *- j 2yl*lH iJjJi ». , ;i > y 

a_Jw^3j jjA-l iJ_>t)i 0 l— *S" 2_y 1*1M j \ j '.* Slltf* .«i y£”l vl! j& yb 


. i_j»Lill <Zs \ (j i -jlfc'Uail y. iLli JLpI _ y)i ^UaJili Jj _ Silp yJsL > j . «j\wU~* ^ 

t^il * CJp 4_j Ju»]l A^j^Uajl y» *5 yi^* ^»L4 i y>- j \_ii\ > >'^Cs^-'^\ A 01 - j L*i 

^y<Lj <- — • ^ y (J§ ^-> ^ 4 y ( Islands of Langerhans ) jj& *-> j** 

. jlyl ^1*-^ yi*j ^ y^Sl' 

; * j-JU l,^ ji 6jl **J‘ ^yL; ^yii C^*l ./? ^...-7-? ^y* yj*^aj ~ a ~i*~j 


J 'jLJ* y- y 0 ( Coelomic epithelium ) v’A-^' ^Uaiu 

O jy«Ii J <U— uU jSojl ‘-r^ Oy '^ r ji > • ' n -■ • ■y 

. (Pancreatic stroma) ylj o^» ( Pancreatic acini or olveoli ) 



* 4 

<^-*y : Pancreatic acini or olveoli 3-— <1* „^rl' v^^La* yU jf u jJ?\ ( > 

jjl ijJt 3y^A jf 4j^LbP b^la* yA ju&r £jA jj ^jlj A JLiil {jA aJ yiil 

3 j JpLaJI oUu-aJU 0 .^a)l J_J*7 ;;; ->- ^JLp 3_£JpIJ *-*W-a (1 

• Basophilic coarse granules — V» <J> y*' 

£_wa]i J~2r iiJ,s aj^ oL?- ^1 p y Luminal zone v y XiW.* ( y 

. Acidophilic L~a-LU oliwaiL 

9~L_A-1 J y ^JLp J > jJlwJ yj <JLw3j yLl y L*i 

. Sly Lfj* JS3 yTf J (Cntro aconar cells) 

. ^L^ail 4jya ^ ^ Til j 1 ^ j oa^i (Y 

Jay^ (jOilC-« ^7}Ue> 0 : .. 4 >,» t y 3 aJa y LajJa*- yj i-— ol yi jf yjL4 (T 

• 0 : — * 

y 1— — •yr^/ ■ ~ > <« -*' b v_-» j-Jrl y^-J 0 fll AJ. ♦ Ll \_j^)L>-1 KS" y+£: ( t 

. 3j^.jl51 ol jotiil Lf. y£j (Islands of Langerhans) 

^ > y _ \JL li sy ja ji\ 4jLJ» yl o->ia ( yb ^..^1 y y L a jy*" j*~^j 

(\ * .,/? 11 i-LjJl <*_j a y y-LJl jydl - 3 *at jJ yJl o>ljl y^l (jJLLr o->lyLT j Lyljl y[ a*.>Ja 

0-^ (j-* (j-* ■ i/y^ 

Lj^La- vi^iy^-ji ^p <y?j (ji 

jfi-tj&i jy* 0 -Wj • ^. 1^)1 OjjJ' y-'* 7 . > y>- j>-^-' «*i-» 

siJ — L» j-lai ,_yb . jLiil ^ \ Y*jd • • Ol— j*)|l ^ • j • • • 

• Ojj^w* t • ♦ JO* jjw L» La jlU*t vl-y jJ^rl 



y\-i J ^P ^LUi <J\_lJl l ^JaJa>^ll J^L-iJi 
y> <_p j^xX. oljJri yj i-U Xb U-l ik.^- ( Pancreatic acini ) v-Ij 

i_J j_k-i la .* j UfrilT j y *S’y£\ lillr jJLJ L— Aiila^JLl (Jl^k^H C-»li 

. <(— l Jl «— ~J j&j c->^Ur La ikkl 3^L ^£jjl 



: ^A L^jU y a£>U y ( jj{Aj£)l Jj* ) j>M ,/^J 

*/. N A : N o (Glucagon) jy ( a - Cells ) UJl 0 

’/.A* : Vo (Insulin) j — ^ j j* ^ ( P - Cells ) ^ V^* 1 0 

'/. o : T (Somatostatin)OyU- M jy ^' ( 5 - Cells) V>*U- (T 

Aiwa JUjC— 1 ^JLP ^ <£j^j 



0 JJL i ail oL-»- ^JLp Lu. U^U- ^ (MJlary aniline blue ) 

tj~i (j-*' <j*xLj *~A> llj jiz^ 0^"\? * J* 

(Aldehyde Oi— jf (Aldehyde thionin) Oy*. j^s* -J-iS/' * «^ ; £-^1 
. (jJ 1^1 ^ (Sulfhydiyl group) Jij-V 1 j^-— i' ^ j-*-4 £* O^OUi* O^J' fuchsin) 

Ajj^Jt—^ ljulil .../» I - J ■'<«; ^p !■« U-j j Lil( Ij^Lp JL?v yj 

- j' _/*! til ^Lp Jj <^*iil 0 Ifi ^ ^ 

! 4j^ill y»L* jj* r 0^ ^ ^Liii 





© 


Glucagon 

Somatostatin 

Insulin 


l_*> L-»l?i- Lfjj Ll; j Liil Ij^p 0 d)l 3-Jl^»l ^1 p frl*l»»it i _y aju . <^-d ilip^i il— JJlij 
Oj-£j ill J^r-\S' (jj C miL< vJ^>La 5"” jl ^ ^ j-aJ Aj ^JL>- 4j jl ^jl aJ^-j 
(J-l*> ^ iaij UT . t£ til ^.iJl ^L» t$ y» x« j» . la ill 


bjy(catabohsm)yi-J>!y (anabolism); bJl v-U *•' 

5_JP-U1 I J-* J f*\S J j)j\ l j-* J-T iS J jjy c5J-*i Oij.p-~owi) 

S-^bii ^j-a V-*^4 jj -*M <j Lijj V — i3t Li^>- JS” i»LJ Ji i-i-Uyl 


J-J (gap junction) y j-^u' Cr* j ^ a*> . j-^' 


S-Jjyaj jil JUflu^p of -xiuw j . U*i j till L^>- ^ (ti ght junction) 

Jl_i5l>j 3 _j jl o l. !; .^ -l L^jj» U jjo jj. ,mi^\ (trap) 

<J 4 ^— "U ^^-]l ,jj_j o.j j\.\ « j jb- Oi?^ iil~il + ..^g:; <il*i *Ju jjaj 

5j oNLirYt L*i (capillary bad) v-^ *i j*-^\ S^l— J>\ Ji *j yi o'yf 
^ 5_j ^ s-aji O^l— aJ^l LV>«ii (_£ Oi“i (JiLaT^U ij LjaJ JaaJ 0* 

- 0 ' • Cr* J*^' ^y' l£ «>prS!l t/ 2 *! 


*-&JL (Somatostatin) Oyb— yb» j — H 0_*- y> 5 jyil l*U- jj* 1*1 
J~* ju - ^-JJ - iJ - x " *-=’■■ J gr- 1 ^ ^Jj-*-* £r*> OyriS jU-'j Oy^**' O'* J'yl '^•* J 


(Paracrine) ^ W J il 


- ,t 


i 4-Lo 4 j|jjjij ,_J Qy\jL-» jj U» j ^-Jl 


«J»yJ obT Ji! oL> yp i$y£ iyJ-\ jajA ^y y'^j^ jj~ J ^y.j 

0 «-V y^Jl yt JbJi Jj-liri ^^tLj . 0^11 y-’’" (C cells) -i 


l^y-> Ojjl 

<>1 • • ^<." 

1 


IN** : o V ‘ * 

o N 

(B) y b^ 

J 1l' 

rto • 

T<\ 

(A) j' Ult 

0 *^rl5^ %JLir» 

— 

\ t 

(D) j> L*W 


— 

n 

(F) 

(PP) a,:Jl JjJLp 


Y£Y 

















Je-*- <j-* ^ j' yi V^ 7 J - jjs^ t) - <JLpUJI y ( Pancreatic Polypeptide) ( PP) 

{j ( PP) — It 0»l—l C-Iyt -iSij . o-ull y 
ol—l jU)l cJa jjiJj . ^Urjjl ^ (Exocrine) y r jti-l ji y^l «^>li y\ijys~>\ 

* ilJL> JLpt ^Lp iji yiil LkS^ . jyJri t_3 jJa ^ 4 jl> 1 yi j m _y~j 

. <—-L jj^-i t y 1.1a j Syyii 

: y»JL— — J' aU a*^\ 

(Spendic) ^L>v]ail Cm} j- ■« ' ' 0-i J& Cj~^ <y^* _^^*;A 3 >y ** t^y*^ 

jU*Ja3i Si jjV' j J_ijj (Mesentric) ^IjL-JlIj (Hepatic) <jxSS\j 

y «Ji*4 j^Ip jy- y ayy^ t/y^J • 

^ *J y 4 j_.^b jj~^- J^ a_jw y y^t ^jtii <r— -Liij 

. t i l l ^*—4 4 ^wmJ J ^ ^ 7\ -J3jl ^ 4j ^y^|l 


ojjJ-li (j ^4_)1 Lj^U- 4 ^.1 1:1 4_; ybLl ( Ji 4P yj 5i j|.«; ^t. \jf 4j y jJl 

Njf j— i y 0->U y sJLA y iJlp djl^y y ^1 p {£y£z y ujl JL^jl yiuJ 

4 ;4JL* 4. W ■ 4 4jJ^LL> L^b 4 - ^Lp 4jpj^/\ (_£ yyi-^j ,44^V^J~1 4 j l1* J 5 ^ 

4-^y ^-Jtyil js-rJ 0^ s_y?'AJi y • 4jU »**« ) ! oU y yi Jj? 4 ^ 4P ^ «».i *** j 

J^u ^ib j^i c?yu oJi jjlji j _ u j \ yi ^ ^ _ v-U^v' ^ uSjL 

0^ jJ-?* S-***^ jj 4_jjl y'lf^ a~y^Uall ^Aadl (^JLPtali aLlJtll 

. 4-jUI SjjJlll 4 j 4-Pj^fl 



: ^ -aaJ' ^ 

5-^wsjuI Ji_^j <-^L jSoJl gg_..<3«^ ilx»'^l (Jbll ^J^iJl 

5 — .. ^t*\ \ L_j!Aj-Ij (Parasympathatic cholinergic neurons) i— j>S\ a_ : • 

. (Sympathatic adrenergic neurons) M 

V-k (Autonomic) J ^AM li> c^jij 

(Ventromedial hypothalamus) -- (VMH) -SV» 

(Ventrolatral hypothalamus) ^ii ^LJ-1 ^kJl «.yA (VLH) J' W 

. (Central nervous system) J' j' JA ^a*il jlfi-l (CNS) -1' -Uaij 



Copillory blood containing subsl rotes, hormones homines 


















b^L 3 - A. j . t ^pf ^Lp AJL*> «_ ■ .^1 (_fl -Xti-jj 'ilj 

(basal lamina) Aj-xc-bill c_>- ob^vi c->blg-i' Jj . ^ L j a *il 

. L^-b aJUt Sja-sil 

A ^J_$" (jj ( A. .‘.jj^^/1 J 4_uJ iLL-Jl b^Ubl J&rjpj 

J'yi Ji j 4, .1 i ^JL\ A -al^ l\\ 

A__JbLl ^L-^b Jrt^ * i jjS/ A_., : ;.T ti-Jj-l— >- A_*«-Ii^" ill— lij . O jJ’-LS^lA-l y^_il L-.Ji; j 

Motor nuclei or the vagus ybbi aT J^\ h yV'j Lateral hypothalamic nuclei 

jjj . Mixed pancreatic nerve -Li^JLl ^b ^Jt -w~^a*li Jl y 

(l)t J*Xjj • JS— j' _/*i A 3 : ;* ^ 0 ^bjl A-.J ^1 ^ ^Lo^fl jl yi jl 

(/jL- — ii ^ js" os Jj'yl' oia^-i j ^1/ jjj ^b.'ybj^iJ 

, A«««*b j^-Jb 



cr* 


l 




A 


:dj* W 0 


V- ^ J* J~*j ■ jj -* ^ J'yi J^- 

" \ • • I >3 V • • d» — J*t>Q T-jljbj ' l 5 <Jt;j.ijLi ^1*1* 

Oy j . j\ (jvi *jj_5l^ l! 0.4 -A ,;..|1 /,<%—; y^sLoJl Jau»-I JLiP ^v) *■*--■> *V ' .♦ 

(A) * ■ — i . — ji ^-4~* c>_}^' ^ c * *— ' 1 _,0.a... w ^rl .-l.* ;_J 3. ' -* ■* > *~ ^ \ ' 

j \ . . . ■** Li^ Y* * v®) ^jl^Jl^JI 4*j fiib Usu*- Y \ ^ jr^ 

(disulfide bridges) <_> yy" 1 ^ ^-d — i — '! 

— & /\ — ■* ^ y£- T_ -* 1 j *fj l %.tLi js* J~ -X*jl A^rj JJ 

d-db S_JLUo> < .. b *\\ /$ ^Lbl •,_« ybi j tj o j- 5 ’" jy'dl bl_*X> 

1 >Ob y» ,>kl cj_A OJ ^ll 

j— *j p — ~»r' /r* Relax) n j~* O 

. i/L< b N jy JJ (Symphysis pubis) ^'1*31 JUJ j el ^- J ^ Jy^JLi 

(I and c-y>Lv- L*j6jlnsu!in - like factors (IGFs) od~~b*y i^Ui' v^di Jby ( Y 
. Nonsuppressib'.e insulin - like activity (NSELA) cblT II) 
.Somatomedin (C) Somatomedins ^bo^yt^Jl (r 

. Nerve growth factor (NGF) <- — ^ y J-*l* ( t 

Ol3 J. ->»» ; )1 C-4.Aj.Ap yub J jjd Lb jw> b.>j 


: aj iiyUJi 
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<3 y* (J ,jj y ..m i^\ 5" J lii « l£ 

: 1*3 0*W> y L» jAt Jali \ • J ^ J A £*l (j ^jr^l^S/l 


s s 

NM-i j NH. NH- NH, NH. 

* i ; i . 

Gly H*u. Val. Gij. Glu. Cy Cy. Ale. S er. Vei. Cy. Ser. Leu. Tyr. Glu. 1 «j Glu. Asp- Tyr. Cy A10. 

I 2 3 4 5 6 ? a 9 10 11 12 13 14 15 16 17 18 19 20 21 



n \ / 

Ph * V*L Asp. Glu. His leu Cv Gly Ser. H/*. leu Val Glu Ale. leu Tyr leu Val. Cy. Gly Glu. Arg. Gly Phe P^e Tyr. Thr. Pro lys. Ala. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 ia 19 20 2i 22 23 24 25 26 27 28 29 30 

Soeoes diHererxrs ai A 8 9 10 

Cattle Ail. Ser. Val. 

Pa Thr. Ser Ueu. 

Sheep Aia. Qy Val. 

■forse Thr Gly. neu. 

Whale Thr Ser. lieu. 

Pabtot Thr. Ser. lieu. 

Human Thr. Ser. lieu. 


A , i*aU cAJ^lz?tl aJ LA ^y> j £ i 

(ov* t) r bptyj (OVVA) jijLiUj (ovrt) jliSlI t/ijU 0j^' £1* 0-^ 

. L>.,;ia <1 j ^^7 jJ aJL^- 1 Jlil i... - ...<«^|l ^»le-ty Ct’lutf (jvi «JGlj 

I l ^ A t **£ ^*33 * -C ^JL I 

jj_p ^ .~ii j . i-op jl jjJl j ^jT ( promsulin) o 

^Jaju UUj . ^_>-T J jT.i J-jJLp (^( 0^— i- dJL-Ji tj <!Ci< jjJLl <11 jp-I <olf jj*^I 

ijJ j-— Jl 0 jdU y>r' . J—Ui-l c~£ 

\Sy* dX-£j* {j-k </ iJl Glutathione insulin transhydrogenese y 

ij ^jjl J /" jJUp Oj^Ul (jvJ y~~j^\ £jA jjl jOU J 

■ ' ^j.oUU T ^7. t o Ji jrS/l ^ Y <ijj V’jf 

Ij aJ^-j Y Y 4^1 jil ^«JL> j • t 0 t 



: Biosynthesis of Insulin JgkfcJl 

jjvJ j- 0 j-* if «—i J» 5— »IjJj *L*l*Jl ^LoaI JU Jui\ 

( j_* J^J if tjJ^Jl * » ««!» ^1 p !■; ** ■■* ^ ^ *\ V J;> o*l jj— 

<-5li jj (Steiner) (i L»}1 vj»— ijfi jT Jl . O^^i U> aJ j£il (B)j (A) O idLJ . J t 

j-» jof" v_ — f JLl li* o»lo3"l ^li( -Uij . ^ £sU* ^ (proinsulin) •Lc - US' ^ 

g^^maII l*i^ w >^|1 a— 11a jufcj . Aaj^Ia ^1p ^ jjall 

Si— L- j-* 0 j-^o <— j* J-*J • (insulin precursor) Jl jJ j 
T N -Jl 5_jO»S/l ( j^t^'S/l JLP- if 1-j yu H • • ♦ C)jj JUlJi UjJLP’ 

i j+ mJ cf j f^j^> Jj (B) aLJLJJ o r • Jlj (A) il-*«JL»..U 5J 

^C) Jj*Ap 1 ^J Lp Ail Jl SiL^i 

: JU1 J£aM 







U^J: (ji j bU - j US' (jU ^..^.i^l *JLL> Jl*^# 4-Jlc-j 

^ j * * ^ M JLp (jj^l AiJ^ji^n *•"**' £ bj ^ ® , g ^-*r' ^v-jcljl (_£ JLlJ 

• ^T* - ^ ^*5^ b^b* 1 j_? 0^ ^;-««- , *^J AjJJ’itii 
3 b r *: 4 ' b/a ^» At JL^-j i_.l ^ i' 3 L^->1 l J-3 ^* VA ( JLp 0^ ^ »«~' ’ ^' ^ -lig 

*ml^J\ ^ illy 3 ‘Ui-y*^ jJLp 3 cjLi^Li^'^l £»■- j y . 0'i— j*y^j Ob*aO-l J jLiil 

<Oi-j i_»51^11 (C) a 1 (J 3 l -3^_i> i *^ Jl l — •’t-: ’ ij-* * ~ aI- * 3 '*-*' ^1— i^-SH U^-i 

J ,y£i Ji ri : T A Ji (C) <L-JL-)t J > 0 * Nj . (B) j (A) ^-cLJuJl 

j\ w»ljjjlii3 ^lill _j1p (O iL-JL-Jt J*jJ ■ a~— *1 A '. o y* Li yo J - '>’_ 

SjJL> i j-a /, o '. T Jt j~?~ . f jil lj_A C)j-dj o... ; t- oJ -'"^l ^«llgl ,^>r J j~~>\ 

Ol-liJ Cj ^ r J (V (C) ajL-Jl**!! ^ol_$j 0 j . /rO j^Li v »~Jl JsLijJl 
( vii» Ji -j*>Ui (proteolytic cleavage) <_£ JU3 a-JLjiI S-sj^ l jLti ob*£s 
Or^* /r* 0»ljilx)i JLxLi (C) <i J . ; ;..M ajU-JL-JI _yOj • oj Jt “ ~-'i 3i Ol^ 

5JL— -JL-JJ ^_._j aJLj £*■• l ji-j _j . JjLaU oo (B) jl (A) Al.-i.3i 

(equimolar) i-^L^ oL-^S" j' j \ . C? -L ^xJl r- jl>- vVy> ^Ah^j l>' ! (C) 

• (C) 5. u i. j \ ^ jr 

j '«' v .->^\ •_>• ,'^_^ *0 (C , «Jj- O *-b»- j 5" t> L* AjtlpLiil --4 i)UA « 

oJl-j^j spiny mouse ^ jlilJ ) oL J->-' ^ -^>-1 j J>- 1 ' 

0 ^L^I r ,^Jlp jj^r*-' j (I) s>>^J • ( toad fish 

JU»-1 4, .flb^i' oUi J. ..^i^l jilj 0^ Ji bf (II) c/^ Ajalui 

Oj-L-Iil «_J>- jj — a jj ^ U^b'xii . (nonallelic) aJJ' jJ> oL> j_^o 

. a! . >» i: i \Ju Jaj /’O ^LlJ^ ^U 


to. 



o jSlll olJLJ ^ j-ill <s j * aj.i£ y> ^ili jj (Goodman) aiij 

Steiner and Efstradiates L*A jj jUil j (I) :*>U 

c-»UJ ^ o'JU-J ^ j-iii J-i— c- ^JlJj . jLiil j (II) j l*i* JjU>- ^ 

^L=ii j (mRNA) J " * 

(II) Cj^ j z ^ y^~\ (j ^ (II) j (I) 0^^; — “^r 1 

ij-J Jk-J V A" ( ^yj-p' jj J i" ^-Ol 0_J^*J _J. 


' Or-* J“^ J — 0*^ ^ ^ _ 0lJjr~ j l Jl 0>Jr-- i ')!' £r^» 4j>- 


* ' ^ - 1- a. » li 0*1 ft y 1 

C. 




p-i>l Or- 4 J- 5 " £?' 17 Jl 

<JlA\ vy^’ ^ Carboxy - peptidase -5' ^>y\ ^ Trypsin - link protease 

J j-p- jjiij . (B) j (A) ^<01— JL-Ji jy oj y*r j^S (C) ^a. ; ...)' aJuJL-JI JUaam /y> 

^j-^yy j%-— ^ <—>^5 \_> jS'^ Ot (j*?*'' ^-*a J - 'r* O'!-- 

■V-ip l — • j\j* 1 > - " ? y * ^*v; *— — ^ (C) a. ? «.)i or* (equimolar) 

‘-■’'-’V 1 Cr* ot js-0" 4 Jj’-^' 1 Jl Ol>*»r Jf’ 1 Jr^-J • j’yi ^' v *-o- 

■_a- «a> S^u.# ^_LJj. oJ^ — or-* ^ a*j ^ j’ «a .y .J' OX' jit 

j oj jr— J-udl O : r ^ r aJl l*j!X j ^jl 

Mutant^ J — ~-»^ «JJ — ail j ^-*^1 *_aj Sj-j Jbjj J . (j |>J L-L-l J*^Ji 

• \ • • "I ^>i U-*-^ U?uj j[ -laJy insulins 

<j O'—i j-iil J-di W— -' j Oj-^j *??— j'V' ^ TV ^Lp- Hagedron -u» j xii 


(0 j~l--4 \ ^ jUa. ^ a j^aj- 5jL> y>j) (Protamine) Oy^' r — 

Jl ^ Ji* 5iU»l of dili a*; Scott and Ficher a>-j jh . pH 6.2 aip 


Yo\ 







r ^ 


oL) ^Lp opL-jj £ja wXjj; jyUjjJi 

-i j' Bavin and Broom oJt f l*Jl yJ6 j ^ 

a} ylLAJ* ^lp -LpLm*.' aULoII oLt^iij l»li 4J yMAA ^4jlp *■*>>-» LftO y>r «3 

. L*Lk 4j yLAA ^JclS y Jj LfJ 

: Glucagon i> j ^-1 ( r 

(j-* . Y t 0 ' ,j Li5f b^>- ^ Jjij Ojj^-LS^ ^L jjcU Ojj}' 

Je> y *1 ' - - ■ U Loa^~ T ^ y* i> J JL%»- y* JUlJl a_L _LP oL' y> yb\ 

. J£tJl 


NHj 


1 2 3 4 56 7 89 10 11 12 13 14 

-Hla-Ser-Cln-Cly-Thr-Phe-Thr-Ser-Asp-Tyr-Se r-Lya-Tyr- Leu- 


15 16 17 IB 19 20 2 1 22 23 24 25 26 2 7 28 29 

-Aap-Sar-Arg- Arg-Ale-Cln-Asp-Phc-Val-Cln-T ip-Leu-Het-Asn-Thr-CO^H 

Thr Ser 


30 31 32 33 34 35 36 37 

-Ly»-Ar g-Asn-Aan- Lya-Aan- 1 le-Ala-CC,ll 


YV ! Y * y~* L-a> j yx-^S ' o — ~ y y ^ ; \ y~A « — £j^ 
li_A J_ir LS Proglucagon ^iki (C) ^-nr j 

■ Jij'— ^'j Jl — — >V' c- 4 J"^ S? jy*r\SjX>r\ C>j-Sj* 


<_A 


. T A j \ " £->' ^ Jss^ii OH**" j p-*^ j^ 1 

• e P - ‘j l — » 4jr lj 1 - ^ y * 6 • dr 4 </' {J* *r' 



^ . i l C~~~* 4 . -* < ^'~ y jj 4)1 «»‘m 

jl : ll jujlp j Secretin o« Jl J_t* Gastrointestinal <-* ^*il ii-uli Slull 
ja — jiil j — jiJI j Vasoactive Intestinal Polypeptide (VIP) 5 -j-uU *_> yjA\ '<y jSU 
y* 0 ■Vr! Glicentin Gastric Inhibitory Peptide (GIP) Sj-jcJJ 

• ^ *iy f > . . 

S . \~2* m ^XaJaII jjv j^-5" 4j Lrt»> Jbf^j j 

J*— • J 1 * J* ^ s ^s*t^» V-T ./* uij^* J 1J 0 o p 

Jj 0 y «-L5”" ^JJrl V- > J *yy oti^jdt ) Oy-Jj-M* L» 

•iiij .0 ^ (j <i y y ( ,jd i*)M 

j ^LyjjJl J (Porglucagon) 0 ^-LT jLU £>Lj yr yS y y> m JsJ j£J 
^ y • • : ^ • • • <jy L» yiy 0 j ji l-w»f V A y 0j5o illcS' j 

. 0 y"^ ^l^ri tj^j 9r <3 ^ ^ 3 *' lJa^~ Y ^ ^*JJflll <~£" I-aa 

^JjI— V 1 *\ y> L* ^-dl l> j^K> <j 0 y 1 ^ J‘*- M ^ >— a— - iJ ojJ £ jlju J 

. JL^Jl 0 ^^■15 "' ^LsmII f J JU^il j <isLU JjLu 

: Pancreatic Polypeptide (PP) (T 

y -*- jl y\ <j - jU-j L* 1 ^1p _ « jjJU . Lv' Liaj^ r'i y 

. Satiety factor 1 — <aj J-*** y dJj jj^ jj'k^ 

ij^S" ijjlp «l_Japt J j . ftl •if’ (Jjl^ -t*j (PP) -il jyij 

u^ij . Pancreatic gastroenteric hormones . v-'d oU y j& 

4jL2>l)l Ljajt LaS^ (PP)Jl *;•;■* S' ^<1-* 

y- Lfiy ifJuCJ y ily- oUl ^-i-1 ^L^rf ^k>J> (PP) Jl l^y vt ^ / $ 



Vjsufr~ Y • ^LJ (PP) 1-JlP L* )ia* Aj^j jt (jwa^- 

• <^ (j-Ljr^/l jf C)\-~j s $\ (j ALi* <*» T*\ 
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■NHj 
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-HHj 


• SomatostatineQM^ j?U j*J t (i 

^ Ip Li«*^ Ljajf^ \ t {j* >-!■ ;> ■ ^*\j olj^» ^ 

jj—* l_iajt jj~*i ^ j N j* U-i)j . JLIj ^JLj O'* 

. «j ^*i» SjJLaL a La) I jj (dispresed) # j?a«M b^LJ-l { y SJU . (j*J ^L <J} L*Lw L^Lp 



flwb J .it J ^ (ju jb lj 

^ ^7 Or ji X»L»«l} ' 3 V" ^ ~ ^ ®X5>j ^b (j b*>j Lilt b’^bp ^JS"" jb£ j . J ; fl«:il 


Omj ji *] I »i.i jl jiJ a. ; . i > ^Uj^l ^JJ . jj^ ^1^1 

oLj Jj«Lp bu ^rb^^iJl b^l>- Jlfj . J»wlil ^1»- ■ ■ 4 ^lijt J L P (jJ j..»t ^|l jl ^il 

Ofy 5JUali Jjb * L_$jf ^Lp b-j b!>bp Jxc X«~>- j £ jLbl 5iUa3i j3r ^1 j 

^1 <JL*J ( j^S”" jiJrl ) A>Ua)i >X>1 Sjy^k ^ — .Jr! iiJL*l jbb)i (,>-<-* ~j ,^1p Oj-biji \-i 

( D 3 jy& <3 ) j_*^"" ^b*^i < -^ b-» b^br- jijil ^--ij • <J>j^ 

oLi^- ^-w -brjj N j . oli _X^-)i j 4.‘.<M,H j ( L Sj j~0 <3 ) 4jw*Sl^ .^b^-'jjij 

Ljlj Lj^j^ jl j-t\ Ot jfS- . L-i-j Lj^br- j oLJaJ> #jLipi 4j ^"* 4it Ji SiUail 

— "* r _7 <3 '>■— <>1 —j ^ 1*^)1^ <- jiAXilj * — rrr *^ I <jb*».t ..» ybi ** — iriw.XlS*' /a) ^ .. -j^Ai 

VU^^r O^LT^bl jl 1^ Ulf U^U 4_X ^ 4J'> ^XP . j^yX\ 

jj-*& (D) jy^ y^ J*~*i • jy * , - r J *— (3 4 4 ..... ; . .*^1 ^^LJ-Sb 


Cljpr^S' ^JL>r! ji ia...d aJpo j j5"” 3-i-i 


• j'J^i 

L-* ila — -»i ji ‘U—b _^Sv— Ji jjflr Si _^-_»Ji b-i b^bs- ^ j.—j'yi ji ji\ |*J0 

Cr* ^ij'y^' « y*-* -il^j oj yaii *JJ» bLl»j (Emiocytosis) jiibi ji~Jb ^j*i 

Jj-b jf J-*— ^ obr^'i <3 b*i (jbxiii j* Jy^i f jj?-' ,ji, S-ii-i J^i- 3 

SJLiall cjL-J^/I ai_A £aJ& b-~=- (Microtubular network ) i-A*- iSJxii ob-J'VI ^ 


«L-iiU 5 JLo^Ka a ^J'j(MicrofiIamentous network) i-Lii 4 j^«_p 5J 

44 ji j*y ol — ~J-i ^xjj. (Actin) ui^/i ^ A^LiJi «jL* x»ij5*-i. ^ j . ^li-i 


Toe 



dk jL 


i \JLa ^j^Sjuj l^jjl dirt JLLP c L—1 >.iiJ \j 

oIj t^JUi l •^j J 4 J 2 LA; 4j^I 1 

■ <i' 


^1 — JL^jl Jj . 0 ^ Ji‘ m J '^ <l j' A ? 9r j^ j7' ~ oLj-ji.i ^_fci £jA jl»rl J>**iJ 

j ,J* « j-iii' li> (glucoreceptors) j £ ^ b* *' r*~V 

. <JL*U ^j*>LM cLl*JI Jj (D) jjS' jbr 

AJ ^'1 ^3^ 1 g -..--ii l_I*J Aj lj»* ~* M \ A-A-S** ■ t l <blp *-I-jL»i3l^3t Aj^j -1) 1—A^* 

• a-s*^ < j>l-^‘Slb jjS^ >^>^ ;!■■.•«« ^s- ytili <Jd _/^ A-*cJl ( ' 

1) Glucose Receptor \ Amino Acid Receptor Model of Stimulus Recognition 


4_»UaJi jl *— • C->1— ~j^r j j ~£ A— -L ,^ijl b^b 1 - ApUa1~u 


. ,rt-A> A 
* O j -v 


(L) A_^S/i <^j->-S/i jj— ( D - Glucose ) J^- : ^> l b 

. ^-o jj— j^i ji yi a-jj olJLc- .W-yt,,-.; ^jij . aJ ypol <*L~j*-''jl j 


I AiUall J—i£ iji j** tj*’ Vr-^ ( ^ 

2) Fuel Metabolism Model of Stimulus Recognition : 

k jJ-j a_jUsl) 1 il js- \S~>\li^r odi^Jk y~S O j_b- aJL>- 1 a_b> j ^y 9 ?- *ij 

y — f- ..-v-ll 1-1— A ct-t-1— . ^j_?l jjtii ' jf-f Juc*j IjMli-i i ^ Ui> <^>'i(-lj|> 

pH — il y£ y j ATP Jl iS j - '— ‘^‘ i*A»l>- Ajl.ur ^1 +£■ j\ ii jitA AjLii ^tJl ^ jpr j ^ 

• j'yi a^‘ Ji <1T ^lii . Uii J^b 

r ^ji£y, u/i_.*j4^ juii j/ jji js- 1_^ \jyd- jUipi (( 


To*\ 


• b“ ^ jl>-j J^-b 





0 jbM oUa-i* I Adenyl cyclase Jt (^.>1 

j\ j>\ h yt Jt Phosphodiestrase Jt y.j\ 

^l^lltt A+Jj 'y*fy\ yUall olij^r A jji' 4 1 ?.*' ji Llj 
_j*Jt {J a ~ M . £* CjU jjt jS y yiJu 

4i yr jJll <a.i-lll 0>tj*»iJ«)tj Aa.tJltl C*>b~jS)t 4^jJ ^1 O'bH C$^ 

aJL* *ju Jl ^_»Jb L_£ ( microtubular microfilament system) -> ^ b>U 

/(emiocytosis) c£^-t yUfr ji^ ^ 0^ 

Ay^\j jjssJL) iJb^ bo y*j SiUa) I it y Jb L*-4 j 



L— *>■ ^ lp A^axb i^^iJt j^Jrt b^b^- {^^ljbt clJ^jt)! ^Jis_£»)t t jjb ^ 

’. b^b*-t i^ll) jt yl ^ .tail ^1 p bo ^Jaju ^Jajtj*-* d->lp y-^ jt b*xbt 

iiUaii — jf V ji J^jj jJ ^]t j (substrate carrier) *b.bbt iLkll ( ^ 


YoV 




Ji<* tflUl JU o J jil j-ui (receptor transducer) (T 

iia — j J l j ... ( glyclaldhyde ) -AjaJj ( Hexoses ) o»l 


JjLl fLixil J>-li J L$j SU.7 J| J»l iiUail jl J <-1— !L»lll gj\ 

. A , B , C 

f ojUjjI J y=-i j *ILJ ( Calcium ions gate ) * J (f 

• J»»-Ij 

. ( Sdenylate cyclase System ) o/^LoS 1 ' ^ fUii ( t 

J>UJ| Ju y ]» j* Ujijl gJU «i j' oL-JO ^ i>-LM oLT Jl ( o 

(cAMP) JU ( *_ ?r ~il£i' oU jj\ ,y JT Ju ( exocytosis ) <£ J>-' 


: *....™1' J^l^l 

J-i J» J-P LAsi-L*l p-kj . <3 «il JSa^Li LaLxj jjl — «> jlrH jj*- jCS. 

Lj^U- 4_-J Jl ^ — -axil ll* vi—j- (Right Vagus Nerve) ^.Sl' Jld4 axil 

j-L-j v . ^-Lji j_J* J*- v- *j JidLj Oi^ j' J^ y^* j jy* ti 

a-Ljh j_j ^"1 — j ^JJ li gp^X <>1 -,.»>- yji a)l I Ot-jJ ^_./a » il jlJL*^! iJLi 

■ ^ o»-jj lai*- ,jd '■jA *~*S' jl J^ gp* ( « )l jl-L*'^! ^-Xxi* 5iLM 

. 2-«--l*" .3 «J_i-l JUp >uJi 
- -• > \ 


: f J il j/* J* (T 

Jl fJ-M J*- £L-*jI j'J'V J*'^' j-*' cs y“j 

Jl J Jxr L y?\—aj>-\ <^ij_ J L*«.j . 03 j-L_x> -bu ,jd J* $ J*\ 

cr^ j^^'j jj^Jh jy^^A <y O' ^dlL j.'kx-j . J'yl J*^ l 


YoA 



• jr *1 j^'b’ 

jji (Ji Oi^ js***'V^ j' ./*• ^-3 jjfi jl*r {£ y ..-* y% 4 jJ > ^Jail O^bdl j~~J£ j 

i_>j*>Ul 5-JUaJb b^bA-l o JL* -u <jJ3 j li-j V%>=- j Glucose - 6 - phosphate 3 «-jT y 

■ AMP J Sjjaj ATP J» c3<> ^ Osijr-T OiJ^ 


j'yi Jl p-3 Jij* if- jjf <Jj^ iS^ji 
• j^-3" ; *■ j-b **’ V' u - ^ j_y^ 3,syi ^iXJi y» j*p Jh i^*3 

— ^ 0^— > y> j'j—*! Ji ^ £-*■ ji Lf.jj . s'-*^' 6-tJ* Cr* JJ-^ c /»'— a^*i 

j_£>( jl yi cj-3 j (j Jb3 Entroglucagon 


• j~** r S3>b>3l 2LL kJl aJjp 

: Oj srlT^I (T 

\_/j • b-~ J bj^b*- ,^-lp •*— « — J 1 f^j 4 ~^* JV*i 


4—lpj 


r^' jj-^ ^ iff-—* ^—^jl J ? 5 ^ O^jr-jy jr> j £}*j\ 3 ^ -kji 


L»5^ . l| Af' j > jJ Li*; b^P Jl a yT. bill b^P- y jyil 0 yrlS”” jUrl Ob <J £^**~ 
• ’}j l - j'J>\ aib j y ^bil - f-3 jjT^Ur y^\ 

: 4 (t 


j' o' Jy^ l. 1— ;3j by*”' y* i}r ^*i 

• b^O; — j'yi b^ ijy* 5 ^ J^' if jyb^ 0^^!' <J 


cAMP 



— ilj S_J il j_JLlj yi X-\ 


«M 


^—«Jl b)j— *^A J-^* 


. Pancreozim 3 j Sulphonyl urease 3j 


Yo^ 



: hj j^la«llj ,jr^ --'■^1 >*-»! k>* J» ■; (^ 

^ J* j 1>-I..ua«ll jd J t‘ m, > i^J jdLj jjJ Jlj jjLjji^JI J*j«j 

£jA 0 0>1-P ^r tUaJ^^J lj L— . S' Jl (J jjl ^Jp jA J2‘~ j ''j\ jl Jl 

^Lp- ^ J* L?r jv_> A_Sij ( uI-J Jl 5J — C t £tTl jlt-1 jAj ) Aloxan jl— S' J^JI 

. 4 .1 .,-3p vl^l^vl«-> <!L-> jj^p- J ^.tll J jL-Jl Jl iS^Ji jl— S' jS|l U**~ ^ ^ ^ ^*V 

^>1— fc jj"^ * * * 1 >, ;* J 4j»j Jail o igj oJL * ^ ^jjl vl^ljl ^->-1 j^ N ^ t N ^lp jP jy 
tjl. >- ^ . ~ ^1 (_5 jl..»C ^)^)JI ^j-j 4 _wj\SL*I I ■ hj I ji jiy Ljf , IjJj^r jl 4^15^ 0 jA^-A ^ j;* 

(j J_J ^1 4_J ^v* J *> I ol—'l jjaJ?yS y- — jJ j^JJ jw-?“ 4jjl*jl 4-3r J _*-— will I_j> jJaJl 

<^JJlj jjj jU 4^1 aJ — i. <J jL- 5"jj^l jyU J~ap%- Jj . ij JLjl Jjl ^Jp jA Jl 4j\_Jl 

. ll-j L^l>- J ^ j jlijj 

l_k.JJ. jl — S ' jSjl J^lj (J ~^ Dehydroascorbic acid -1' Ja^J- jl Li l c — j jl5j _• 
ji-S'l ^ — * L*L^>- jl -I j j ^ A j^')l jj i j ^^^Jl iJ_^jLjil>rl ^Ip- j^iIj jj* Jl ^ j-i jlS' 

. , I Lr L»^l ^ - *- ~^"l 

L*>j jl — S jSfl jjb ^-siJ Streptozocin ^-l? 'J , j JJ l£ J- 1 a La J) jjLj 

. jp .i»L — j 5Jl^ j Lill Lj^L^ ll j_J j*_> ^Ij _^-JI c5 L-,- Ij^^ - j^^j'i 

. 4..i.]g *Jl Lj-LM 

• * v w 


O' 


Lj JJil j L^j !_.*>!>- ^JLp Mannoheptulose i' ^L—ll Jjjj 

. 4jjl J^|l 4-j-Lll ^jA b^liLl yjiir 4jl^«JL«l J <^_pL1I ^jA Jjlf 

-ilj Streptozocin t5j — J' — Jailj jl — -S' J^|l J* «: — a j 


^pL — J! JL 


. Uu*4 JLJI jp y <L>\ds-^ Mannoheptulose 



. Streptozocin ^ JT <-~£ j * jj UJj 


HN /C ^C=0 

I I 


HN— C— N— CH, 


0 N =0 


r .trtptozociii 


: (Antidiabitic compounds) Je y QbUn (V 

— O^AaII 0>L!f jJll *Xyr jj 

Jj yL-Jl) Sulfonyl urea o>Ui— i~« ^ J_>ty ^oll jLU ^U- _ jjJ* 
(Chlorpropamide) jyxM J (Tolbutamin) jt J y^' ( k jji 

(Biguanide) -W ' ^ aJ^'j . (Glipizide ) (Glibenclamide) 

^U- oLT JlI a-U ^ y ^Jl jJbil a-£_j\£L* jl-oJ _j . (Phenformin) 0y 
_ OLs-ty j _ jJlidl oJLfc JUjC— 1 9 Jiij . j\ j>\ A--.'.:) L^Jbii 

. ( Cardiovascular )o*y j «— JLall I jA> a.-U»!>U JUwJ J jiJl a. — * ojL. j Jl 

• k -^ j ^y ^ii~> > j^\ l*->j 

0 0 0 
/=\ »« II M I! /=\ 11 II M r~\ 

Cl— 4 h— S0|— N— C— N— CHjCKjCH, MjCC — ^>— SO, — C — N — ^ ) 


Chlorprooamide 


0 CH f Ct.,CH, 

H II M / j 


icctohrunldt 


/=\ H II H / /='• II II II 

— <^ jp— SO,— «— C— M— H,C-^ ,J — SO,— H — C — N— CH,C«,UI,CH, 


CH,CH,CII, 


lolbutimlde 


Tolotamltft 


/~\ I* H / \ M II M / \ 

Jj— C— M— CH^TH, -\^J- 50,— M— C— N / 


Gllplilde 


| 0 0 

/=\ II N / \ H II H /"A /=\ 

/^_C_N— CH,CH,— (^>-S0,— M-C— N-/ ^ \_j}~ 


H II H II 

CH,CH,— N — C — N— C— Mil, 
blguanldr 


Cllbenclaalde 


Phenformin 



j-t* 1 ttif 4-Jr ^1 il <_>ul_U ^Jl *1 ^J> ji jil 


J-^ j'yi ^ yJij • 0^-^^U-' Ujiyi jf- fjJi jjT _^U. 

• ^ Cr* jl£r\ Ji ^jA 
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- 

4- 

fOji Jjfy» ify — • f_U7ji 
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^ j,. .]^~ ^j'v^Ct 
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f 




»?V* , .>^.r* -1 Vr'V 1 l _r»i-/‘V' 

* 

4- 


T 

-f 

ji— ^ 

■*• 

+ 

t 

jv-^ 

- 

4- 

«Jl •JjAj* 

X 

- 


- 

i 

4- 




Adenyl Cyclase -% oij-li 

-T 

4- 


+ 

+ 

ACTH 

+ 

+ ' 

TSH 

+ 

+ 

Isoproterenol 

+ 

+ 

cAMP 



JM-^U ^Jaju 

+ 

+ 

Tolbutamide 

+ 

+ 

Chloropromamide 

+ 

+ 

i 

Entroglucacone : s «i-uii oi-ixJ' 

* 

+ 

Secretin 

+ 

+ 

Cholecystokinin 

T 

T 

Pancreozymin 



Somatostatin 


(±) J*jt ( + ) (-) 


nt 








( Adrinergic - cholinergic) a, j\^ ol*k* villi x*-jj j 

* )a #jij— * | jl _^| L«5"" . 

^ ^ j o^*iJ J« «; — j t^-Ul p - adrenergic blocking agent propanolol -1' s-^" r* 
uylx— ** yL. o-^-J • (D)L_/>1>- a- — xpl ^JLp p-adrenergic receptors 
5 j ^sM x>L-J-l ji ^»1 pjj j . (D) y 0y\^ JU-' j' j>\ x»bu| Uajl (Somatostatin) 
bl L. iiyc ^ ,v» ajI J| (Emiocytosis) </ j»-d' 0 ^U-' ^ 

tS Jl— J 11 ^Lp ^ y*>- (D) b^bp- c-j’15^ 

. <s aJL^ <^i)l (microtubule - microfilament system ) 

: 0>f IfjliMj a- JT j<>! 

.«..» ^JLp (j 0 y r '^ u~* J 1 ** aJ y. — • 

C— l j±->y J M y \£ j\j»\ jjLJl j£xM £w ’Jij . A ■* ■ \ .p 

; ^A ■Xj'i/L^- Aj^b (j La y3 ?- Aj^r- ^*1 ^ . -.flit v_^JLli*- 

. (Normal Basal Metabolic State) ^vr^' i/xpUJi ^'l-Aill J~xy> *lb- j ( ' 

. X* jX>- Ajb*- (J (T 

• jXA y J} f.loP JjLJ -k*J (r 

vX>lX-^| A y «->U \ :.; j LiM L^tjP J5" jly*| ijv AjLi»j 

»il — ii^» l Ji* aJIXlII .^TlJut oLiJl ^ aSL>- (S^Ji v_— «L j* & .ia:I 

- (Hypoglycemia) fXil y^-T j xx-t ^^a-L x»jXj- j ‘V 1 j' yi 

(J| P Xu J»»>-^L) AX>^j|l X»ijyLjl Ip aJLp j 

j'j-*| A-X ^ J-* ^ — " (j XX-i< X^jX_>- 

X^^ii J ,U V - j Ix^> J_jXjl &yr\£ 

O^JS~~ j'yl cii y (^' ' J! ^ s jj ^ 


nr 



v—ijjJtail C >-j jj-jS”* (_ii - c5 J tS^Ji 

j Jjo_^. ^LiiM ^ v .j_ 3- OjJ (Lipolysis) 0 ^-*oJl J-JL^ oLL^- la ..-: : Jt _ A-jcJaJl 

*j-aj 4_Jl j ouLiaj j ». « ta' .» Jj ^'L- yb* 0 j* j* jjjIJ y*o>Oj . jjS' _^L>r^ 

oJ^V' .M. 

. jjP <-!.. «i £<u\ <L>\yS jij ^JlJLill 


NORMAL BASAL 


GLUCAGON INSULIN 

Sg> 


LIVER 



4g/hr 


6g/hr 


i 

LIVER 
■► FAT 
MUSCLE 

► BRAIN 


B 


EXERCISE 



CARBOHYDRATE MEAL 
♦glucagon __ ^insulin 


LIVER 


MEAL 





0 _^ddj ji * d l <S^jLiil ^-L* ^L— Jl 

dipj ( J^-idl d A) ^■«;ldl ^Jl-iiil C->N^ (j ji»U ^JlJiil c-»LiiL 

i\ ^lL_> e- ^1 J__p J j_*j j ( j£ — ;Jl d B ) ^ JjauM Jff \ — .idl <j ooLj j O j Xj- 

. ( jSddl j Ov 1 ^ 

(3 (A) * ..Oj.lati (^JLpI all d*** d ' Q~>~ 

<L _^>- #1 j ^-dl lJ J ^drl i— ^L mjI d^* - * 0^ 0d^*^ ^^d^l 

j. ,.«. l l (3 ^y2. i'Jmdkl j. --U ^_Lc-l jj jj~* d"*^ rt.a^-x-J JL>sjl (3 w Or d| 

. L^ld-i ^jl>- 

5jL_| j ( ^_1p 0 jj'-lS"" jidr-i ^J.«ju* (B) ^1 ...'»> )l J?Li«jl (3 oiL j '-i-’ _*•!>■ ilL>- L*i 

4_iUajl v^jLJL-P ,3 —1 d~^* j^S"" J^dr' d-^* 

<3 £jL>- j— d' d jj~^ d^d j ^Jlp daiL_>; d^d^ij ^1 ./?»)' J^Lijju <L«j^Ul 

(^—- a*jl jl_jd?l ilJOl O^JUw ^JLf- -liiLa^ L*S"" . -a^dl ^ ji ,_ll ^_Lpl <_£ j 

. tfi?Lx> J j^S"" ddrij 

ijd j .» .. J *^1 |>_... *1. * (C) 4-J ^^Lil il ^ll— | * -^P SJLip Sj-ljllil aJIj- j 3 1-d 

Lj^U-I ^S\ j-dlj f-dl d^*” <J d-^ Oii d)jl _jdl iUjl <3 d»L^ 'j^° 

l jj~& <djjj£j ^-Ul ^jA 4]lilit oLiii <J^>- jjZ * ^JLirl < j^\^o1a^ od>Ljj 

yr ^^jL>r 



Regulation of blood glucose 

t ji) yl.ll a \ • • \ • ! A 1 JUP ^-lil j ^x-JaVi jS\ 

Cr* (hypoglycemia) f jJI jy-S " jf j J*^\ iS*}i j • j : 

jt (J( C — 5yt 3_L yff 0 a 5 y- L L L \ ♦ • / so : Jo ^ — * jsf <_> 

jlgJO r3..-'.~\ LIjLwi-llL A-i-P ^i\j AjLa>^|Ij ^il , A jUs j - 

• J>I 0-^- 

-1—JU CJ Jj 0. Li" wO^Lj-L j »S" yL>r c> *L-~« j 

<3 */ \ • A oi JL-JV' (J (*>dl jjS" jX*r ^LiaJl JjLJ 

j*— ' . /. *«JL \ v • \ V • ^L-S*"Sn •**? £A>y * jUaj^l ^Li» 7- L-o >1 

• jrty ° j~ j Ji 

1 I JjJj /. 'i T • uj 7^— Ji 3 J* -P ^-dl J^ T ’ ^ 

<Ji iij a-L 1 -La _/*-~*~j J ^IS"S/1 -Lju /. j»-**JL* To* ! T • • ^1 *-iJy 

/ [*^-L* N A • (jr >-U' ij < L ;.- i C-O'j bl 'ill ijyp' ij ^ J 

jjj^i ^S 1 ' Ju-li O' . (Renal threshold ) ^yd-i 

A — iZ-jL&pLJs-* ^_j .0 U 1 4OI yL^l j -~Zj t t- * ■ — j L, A- Ix )l 

• t5 j^' 1 i_> ^s-> _/• Jti-1 j* L5" .*/. j^uL A A • <sy~~* (jf’ -oj ; * Oij 

j'j-i'ji ^r*^' ^^iO' ^ (h>pcrglycemia) r-Lj' jjf ^ Sy-~> ' a ^.j 
Osmotic diuresisti jj-^y Jj^ 1 J j * ! -» LLuiii siLd' «^Lo»j Ji 0^ : V' 

J*^ ^ j>T_JUr'> 7^-i- y . Metabolic acidosis ^ 5 — 

oy yi_a) l yi <Jiot j (Nephron)*?} ^ cjIjl- (G lomeruli)^ yl>o' ^ o/ii 



of 'j/l J j— ri' j £-^1 jj^j^ cr^^ 3 ^** •■ a ^» 

jIju N j <J ^ £* jjfi JJLL» ^xl' J) j £ ^Ur' y£ J ioLj ^ j <j J^i ^ 

O', Oi*- j •*" ‘-X-'-^J • c£ « J-* f*xl' Ji ^'-^i 
<t*^ J ^-1~3 -M— . * - • . ) ' jj O - * Oii Oj'^i' (j* ^y iiliA o^ (* 

. 4.*0a^' alii}' 4—* < jdl*A' 

^LiJj', <-->.Uij xj L*j- (hyperglycemia) jj ^ £_^‘jl s-*'-^ j 
jL**-' j-* cLil j -Liiil Jx_*> ^Li; j', _ (hyperglycosuria) Jj-^' j ^-' >-^ y 

Ja-iOail ^LaJj^ i-sst-i 4_> jlxJl oL-jS 1 ' <J^>- Or 4 O-oL*-' Xiiii tS 

Or- 4 j j-ff' j jj-$" ^ r ' y }j *- — i sPJiJ ' 

x-ii j ii\-i j Ox jx>- oxxJ L^U-' j J>U^- ^ choronic glucosuria 

. Ij jLfi-' 4j fjS\ a Jjxjl <j ^xil Jiiua ^Liii', ^Jt t^Ojj ^ (»•***“ ^ ( J^'-""ij 

Or^ <J-^" <j 4 -?* ^ — -Jl V— 'j J^-J' \ > ~ Jr ^~ '-'^~ ! 4-1 J>'— Jj-xi-' (J -L«jj 


. ^ J^-J' ,j > J ^» J r l a )' 


(jnJLUL* \ • • 



T • M • 

0*** * 0 • • 

To . . : *\ . . 

To . . : r • • ♦ 



Jl A • 13 j *)i J 


J-j 4 s — j-V* y ^ Jr^ j Jk* J -iiVj j\ <L>jJb- j (hyperglycemia) 
ol-L ^.. « > LM oJ-j j£- (J[ o^ j: < y a ^ . oU-TjjJ'j 0 ykxJ' * jyU 

aJl- LJ' ip y£~* 4jij>^|' A.’jkill aaw^jSI' Or 4 










o! — v-'j — ( P hydroxybutyrate) oljJ ^ SjjJ U b L.J1 J— iJ ^lj Sj yS 
j f\—^S/l Ji kiUi cJ-5 Jij . (Acetone ) 0_*v-S/'j (Acetoacetate) 

J >4' j aiuft . (Ketonemia) ^ ^ y**j 

i^Liul 4_JxJj £j-)A £-> 1— 8j^ -/? ^_lp (3 1— Oibj -Up 

^LiJ jl Jl <_£i J_J U £ Jl ^y?y. (J**' 1 JH 4-**^' ^laJ j\j fj)Zj^ai\ 

^LiL* y* 1 j^. \L» Aju U < _ r i^ll (J-Ljc* J^P « 4P ^ J[ dJJi JS"" j . Aj» y&- 

. (diabetic acidosis) f-^' ^ ^ t }^ J * 

jj-TjUl J ol_Jl J ASjUdl JUl JjJ 41 


• ( Glucose Hemeostasis) 


*-iil j J$" JL*- 0-ibJ 4 ..— Ll J>*1 ^xjl 

>o)l jj ? ^yaiJ Jl ijijil J- J*il 

JL&l jUr\ 


0 


jil — a* jj— S"j4-1 yij& - 

JUxil A-i Jail Ox— j'S/ 1 rl-f^l 

. (Gluconeogenesis) jf- 


^yJ* u^ji — : V' ■ s ^ 2 -" 

(Glycosuria) JJ' j j_JJU-i iU; 

jJu ^ — fl-iill v^-»l J-^Ji £ JjLJ 

^UJl J.UJI 

(Glycogenolvsis) ^jL* j-* jjS\U-l 


Insulin catabolism jd -J'yi J^l a~£ 

(Catabolism) c*r* J^' 1 *?—■ 








: UlJUJlj Uju^I c* 43^1 

J ^ JS” Oy c£ J-'lSsili {ji*^ Cl^- ^ 

oLT _^ il ; if ^ — L & \ — *Jk jdU |> j a*; ^xJi jyS jb’’ <S < y« - «- l ol— jiil j 

l jj_» S-taLdi 4_.Lt»;ll (Olj^Jtdi ^t— >1 _pi ^»_ jjill Ljjo3 UjJ'-j 0^ ^— ~>^ Jai* 4-JijXAjj 

^'j i)l - c cL_jf i_ol_i-'j 4 4 jjljA-A y tXLS"" yi' 

ja ; ~» y\ 

o-L?rL^^i j _ r — -* 5^t jJb J 1 ' ®di Intermediary metabolism 

j*AJI c_^ i—.jil yjliill J-^d) OU^I J-e p-diJ t-k ^ V'-i"' 

. 4 _.,; " j <L j 4 -JijJ—* j' jJll ( ^ r * jr ^ ^-liiii 

^ j-£~j 4_jJjtl}1 vX'^— i *Lif |» --■ jrl) 4-JJ^>- ^ L*l ^1 iXiLS" ^il aJL* y d.yir^U ,j| ^il Aj^sJ j 
^J_i> 4 .l.tc <x>' , .1^ g- 4<a-^l^j » ojL>f Li>-1 4..1tl L^_jI siiii <J->tj tjjL»tll vlJJL y 

jj_p j^La^. ^ jjf ^U-l oLLj^j (Glvcogenolysis) JJ4 oULfcP 

d-LJjj (Ketogenesis) y y~&\ y j>Ji\ oL l*s-* (Gluconeogenesis) 5_Jl r 

. cl-iiJ tjjLj Aty$\ J\ ■•■'> !' cd jj 
W& 1 J j (Insulin) (Somatotropin) 0 ^ 

^-^as- jL — «j 4_.^A^r ol j>j‘U (Epinephrin) (Glucocorticoids) 4JJ-xi 

f — ^ ^ -Jl £_-^- (_5 4_ji*Jlilj 4_j^jjj\iij 4_j1 jJLjh 

oLii! Sil^- ^i^li vtXL y Jr' ,jrv 0j ' y ^ y 

. 4^tf>Ls- 4 fl., -3 ) 4iJ' oLjj 4^l>- aa.s>, ^»jj' ^jlX'' 

: Jbil JSoJI ^ UaJaii Ow» y L* +fi > j 






GLYCOGEN 


URIDINE DIPHOSPHATE 
GLUCOSE 

X 

\ 

GLUCOSE- IPO., 


EXTRACELLULAR ; 
GLUCOSE 


/ 

GLUCOKINASE 


PHOSPnAlAS: 
fNOT MUSCLE.) 


lactate - 


PROTEIN 


> GLUC0SE-6-P0, 

♦i 

l : 

I. 

INTERMEDIATES 

1: 

i- 

L 

TRIOSE PO, 

i ; 

INTERMEDIATES 

i 

L 

= PYRUVATE = 

I t 05 1 -CO: 
-CC*. !CoA 



— NH, 


— ALANINE 

u 

PROTEIN 



Y ACID 

f 


A ■" 


CELL MEMBRANE 



H u^uJi jjuii 


A ^ ■ - ~* r' Oj^*“ JliU <_j^ J-JO 

j»— Jri 0 j'-^ ^j—* OjJ* <3 1— f^* ^-Ldl a_j^5 " j . ( O'— «j^|l <3 ) *-~?jj!^j 

(3 J—^-Jj >_. ^ 4_if j ^JL' 0^ J j— » J . A_7-liil A_iUaJl ( j-^» ''-’^r’^ o-L*> ^il 

V LjT c^Lil v_3^z?-Lj J IJLjb j Sj/Uil n t jLjie-^\ 
o ^|li* O^^i O' <Jja30 'JL> (3 oljjjjf Lc. Ijjjl Lil j^p . -■,-<» t ^ ■»> - ->» *ij 


-iaij 


a ilja.ll (3 

(Kcal) 


SOl-Lijl Oilil 

« 

Mo * 

To . 

*/3 » )1 

ro . 

A o 

-1 ;^il Oi 3 '" 

A • 

Y • 

£ j\>- Jj5”~ ^L>r' 

YA- • 

r • . 

: Oj «a]‘> 

o>Li*il j oIj^JU-I 

\ o j • • • 

M • j • • • 

^AiJl ^..,~,;3l j c»>tjj ^,...1 

t 

J* 

Uj^Ui j 5 >1 v^ail ^1*^1 

$ • 

t 

L.j>Ul j v^' olx^JLM 

i \ j • • • 

M j * • • 


\ A 9j1 • • 


SiUaJl OjSl 










0 j-£jj . A-l**!' Aj^-lJl ^jA jJu a)L>- j ^l j j jL«a> (1) 

Aj^ljti' jjl j Al> A__1 >iJA' (jyjjji' AaLp^L' A— *^ll j^fu Oj' ^jlJ' jj* aILp- *' ' ■ ^ 

‘ J® (J'j-? - O' — cJ^-jAP ^jA A- ^p' — ^jA 4jLm*jJl1 A * ^ l-»^ 

A^T { jO-*> ^rSj^y JA tjjA\ V* r ^ J-**J J • {Ji I I 

__ ^ ^ui^o jlxI' {j*ij • c-»t>'Oi*j' ^ 4-^«Sn < j«* 

A-^-'J' ^ o _/*- '-fi> */" • I -iaii oll-jj^j ^ • V • Ojj J® ^Ur ^)' 0_*^J 

A. — A-JLiJ-l <_j — A_i\ . 5 _ .,. ; .C jJl i^>Lj-Jjjdl 0 j->0 ' j - ■» 7 * . t AJulfcjJS 

. ^i«. -a P j' O-jjJLy ^-Ip o->'i'L>- (_4 <aii ^pr ^L£" Y ^^p a ^A-t iOb-Jj jJi 

( hypoglycemia ) *-i-J' ^U-' ^Uii^ ®LJ-' fL-al' Js «^i' N j 

(j^Js* (_> jJj k_^L_^ii[ jji J_7 y Aj .«i::i' ^Q'.Ja*.'' -Lib Ojt-ii aj^v) j 


. (Terminal pneumonia ) 

A ■■-.fc ^r * ^ 1 * > * * - -*■ p ««« pO A — jyJUj 

^j—A "/. VY i - - •*-' u)j'— ^ j a^_J-l AjJJfcjJ' A-j^jO Jb .LjO aJL*» S*"i AP^-LiM 

Apw ...i^l' j^ZjCS llb^j . tj «JLpH A»wPj \^S" ,+ io j Ap-lii'^* 5j^>«Al AiUi)' aL^~ 

^LaJji i_> j*i ")l J • A.l-i a li' AlUailj ,» -~0' i'X*^ ,_5 a^Li£^ ^ 0j'-'~ A .’■ b . >'i 

A «*^*~ O' 1 L>0“ *— i I ‘ — *» * AJlS' Tt- u«Jj' ^y* Ojj r'-'* ;>! " <3^^ Ailjfii' 

J|l A_J\p Lp o A jIAAj: ^ypLA^-S/'J A-j^li)' w>'-b L^r'i ^v* 

‘ f' j ,J C ! i' t ‘ij* m < -r > '' r*^ ' (jz-^ S^>r i J Oi^JJJ— C ’JJ* '— 4 '®| 


' » a_L ^ ip Cjijij O' .^j* ( 3 ^ OJj® L>®Ji J • A-J^lil' 

a- 30^' (hydrolysis) O^Aji) ^?li' JLJl _*' (lipolysis) Jl^ o^ 



• !**^' jW 1 



' A j'.aj" 




L^ ; J' J 5 




c< 


^*>liUi 


rvr 




JL 4 «£**■ 

. aui> £^ s>ut %smhi jyk ^ sjuj 

^UmA' $ 5jj^ ,J* izdjA^ji^ &>%k* tpjr- 

^ <£$*>— ■ ^ - 5 11 rinJti ■>. iii>jj^JV> ^ ^ \MJ J ^ Wj,^ / £lu> 

(ijjt 1L^<£ yJl? rfjft—* yi <$ ^ .. pjay^ ^i«i»«tt' ^ ^wft ' 1 ^jg»- _^J^- 

-» r^; ^ ^ ^ ^ aJU* M jUSj &J* rM» : a*- 


■ J «J fa* & oALiL-*^ "SAjLjf JU£ ^ L*T , (GtatSHg - 6-pbofphMc) 

<J Jil' Jfrf' 4, Jif’j f J*' (|^ ^Uig: ^i ji<» C> t^ii«» 


*i»^—i*«*W'' *4kj - JraB l' j'J ^ jlk Jl Jj 


Ji-Cjj Jt^lli* <4-1* _j!i> Jl' 0 *^£. (^-^' - ijs^ !>. «U ^ 

JviLsJt 1 1« ■ > JL ^ w ^j)^» ^ ^ -* •4^ ' 7- ^ 

<J0 "kj^jJ& ijj^Of. ,£ & &■ Jk1.iv tti iy .- J J ^4%U>' —V' ^>W1L>4 ^f .m d k- 

* jk y> L# A . ^ ‘ jKj l r* - y£ ask^ji fjvj - £f* kL» H M 

< ^ i u<iiU i^j&yz ijl i^ «kL« ’T’TJi ' t V 

•t— ^ liSft <zAjJL/>a ij& *-*>" ^ ^ M* 4 

zMJpj- ^ 4 ^ djy^' ^(CM ' 

1^5fct- jy& Jsh& jt'Ja-^ «aft' aiL* ^ iit*''j>j * V * njy' Jp* 

jjS ' yuiB i&kf, Js> ^ £ii' (t ^uiit u*u^ ^ ju 

.3WUTi Ji5*k ^ 

, fjjtt jj^ yW (i| JLSiii' Jfi 

4^ — iJtjlJlito - jjfJAA ir* 4^' >4^ v/ &*%¥' j* g?4j 



JjJT J . 4— +S2A *‘.T> MntLil y. T • L»f . JL^jl JJU 

. <»i^l .I*^ f- y*^ {j* 7. 0. ^*dl j 4^^ «-U~5^t 

j.,4a->Oj , 4_-juJail LlU *JlSl (j 4-J tj^lj ,*^"ljJj 

il j iil 0> ^j_il Jl <^i ^_Jj JU \_jjf »Lp- QIa J? (j IjfcjjJ 

j-. jl-& 1 J L— .L-t iji £lUj , A.Jg J.1 ioM Li- 1 ^ya«; Ukj^S"" jJ 

( ^_P j> ■ - •Jr' ^yaljQ J , 4...L>^/' ^i»L?*''yi ^jA OrLil yt cljjrSMj 4 .:a.lM 

\ , j zi,'t?j j , .,-? J . 5^1 jjiil iil>-i oli jj-iil . 4? Ji 

^_., lai J O 1 *^ Jj.k)' ^ 4_5U®Ji J , t u;S 4 . ,..? ^>1 j( <u .L-ty ajlil IajLipI iwL^.'i/l 

^j-jt i>rL)l a j>-\ cl y^~\ a j-l-Ail 1 .h « i S *i/l • ^l~*ail l_J* Jj^ ulU- 

^_il (j 4.„1 » P l_> j_A j 4_»Uail LjJ-1 — , 5 '' U 4,.;a.ul (J ol-L— -111 JU 

OJ_»s L-*-LiP a_*j ^iJ^)1 J 4-?r J ^ — j it Jb Jl_> 4 — Lp^ , o^JL&Ll oJLa 4jl JLaaI 

*.I>J J w2 ll v_3j^— ip O— J" ^-lll jy ^ JU * 0* "■** -4 (3 ^jjplji^l 

^1—lA 0i~i *— -^l— ^"' Ojl J* 1 — -Jl J$s ..«.}' £-J?jjj . 4_J JLilll i_,UT L-^ <3 *> 

(Glucose consumption) (Glucose production) JUl 


GLUCOSE PnOOUCTICN 


GLUCOSE CONSUMPTION 


■ BLOOO GLUCOSE 



125 gm • 


UVER / GLUCOSE^ 

l glycogen; 
\. (75%) y 


PYRUVATE AND LACTATE (10 U 
'ALANINE (5- 10%) 

^GLYCOGENIC AA (S%| 
'GLYCEROL (2%) 





: CjU ja jk otjylsJt 


Biological and Molecular actions of Pancreatic Hormones: 

: : 

^LjuaM ^1p ^jA ®juS^ ^~-A 

*■ --d ^JLp ^JQj ^4 idljijt *^j>\ Jjr ^ - ^-' « b^lii-1 jj\ ^jA Jb JbtL) 

Ijj-AJ . 4j A jlA-iJl O^Lix*Jlj JL^Jl 

3_jAja*]l liL_c"Sll O-'UI ^>-1 ^JS"” (3 0^ J:""''^ <_> j*«««' t 5ii jt 1 

• (3! 

♦ S' 

Ip di oli 0^ C ^jA ^Jk jh ^Ip^ 

^_U L^. ^ . -c , Lj^Ujl JUw cAMP -1' Adenylate cyclase 3! 

_ ^ ^“S>- ■ 0^*— ^ ^ liA 'i! Ail ^1 . AiJL^-di b^i 


J“ Ij^Lp (J CAMP 3* £ Lb^ Oibjj - AI-JO I_j '— 

T j!i LlJl «.I iSA\jyj£j\ dJLJb ^j_S^ U . 4 — ?r 




i - . i . 


_wSM ,^ 1 p Aps—jS/' tiXlJ J 


JpjJu* . J^p jJaJ ^11 o>-i: — Ll ^ jv jy^ £}}■* l *" *^j 

(Second massenger) ^’l-di dl— . J\ J^L?- j^I ii^l— . JjV> « j 

fL-Xjdl .^JLp 41 ,. j aT_.. . .. C. 4 _Jb^ul JU k> j * --!' A_JLi-l ^J^b ■**' Ui^ ' ^P-b 

oljjLil Uajt A_JLiU J_^b oLbJjjJl ^_4 JpUJ 5-JbU ^JLB <£jbU 







J 



amrace^uHiaf 


5_JL3i-i tl J-m)\ ^Jp .-f ^J_aj 4>1 Juts j 

j jT ^L» di J^»U4 jjv jjJi ^4 iJLgj 4^uJ jll ** ~ r i j *»J* * j- — ^ 


jiwj N y — • ijj^o (Second massenger) «&— j J>^>- »jy» 3^; 

ill— »JLi < •-*>% J i j-JS 3-Li*Jl oLUl,| 

* li* JLU; JLtf 4 »-j *®JL/** 
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a 


Insuhn 


o 


SiTK 

Cyclic Itendeotetes. ... 


Second Messenger 

4 

Intracellular OrqaneMcs 

4 

Bro to ycai Actnwtv 


m 
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VV 
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/^w*ow 


TMGtYCEKIDE 


glycepol O' 

> , / 



*Xjl INSUUN PERMITS RAPID 

ENTRY Of GLUCOSE INTO 
GlUCOSi^Ow MUSCLE AND FAT CEOS 
TAKEN UP \ > 

•y muscle r_ 


GLUCOSE 
TAKEN UP 

ir fat 



CLUCAGOP^ANd 
SWEPHKINC J.,\ 
•OTH STIMULATE 1 
GLYCOGENOLYSO \ 
AND OUTPUT Of -' 
GLUCOSE UNTIL 
LTVt* GLYCOGB4 . 
IS DEPLETED 




OUTPUTS* 

<<**&*& 


atcutATto** 



MOOD GlUCOSt FAILS 


'*A*0 OfCUNF 
OF HOOO Gl'JCOSf 
STIMULATES 
AOtlHAl MLDUILA 


IWKEmiH* 

I 

ANXIETY 

SWEATING, 

lAEMOR, 

TACHYCASCIA, 

WEAKNESS 


MAIN DEPtIVEO 
Of GLUCOSE 


OtSORIfNlA1iON N M 

CONVULSIONS. 

UNCONSCIOUSNESS. 

SHOCK 



; b — j Ia a>- ol jjJ ^..~i^U oi ‘ ri “ i bl l jjk ^jA 

• ^ * — ^ <-U ^!Lp (31^^* j "Ipi . **j ^ \ 

. X-^L a « ^ ll ^ AJjy^ j j / ^L?^l ^jA ^J Lp *XpLm«j ( Y 

Jor ^LiU- J[ jjS"jLlrl bw-i f >*~Jl j f ja—li 1 j-Hj oLL- ^iM { j a ^ '* r ~. — d (T* 

. x£j\ j V^S/1 jjM^S/i tjZj^ £**- (* 

. 4^wu»j‘S/l c 1—3 y^r ^jA ^-Ul l _^ J * J *■—■ ;*~j (O 

. 4^1A-ljl 4 j^«--»j'S/ 1 (_J i^) *A— iJl flij ^LP -XpLw^j ( "\ 

Jj-j' <j^^- 4 -^ p J-^i ' — * y*J J jj+o w ^‘ : —i J 

Ji JU‘^\ jjS ji>r\ Jj ^ ^Jlp (, — i-1 ijAl* *-u] owl (Diabetes mellitus) (/ J' 

fl ^Lpi ^hiil J 4*^ AjuS** 1 ■ % ^ lyuj , *, /3 t li^ uL*^]i ^ 

ii j! 4 _j ^ l^il 5 xot ^* .-4 ^ LpI ) J ^ K*a\~-3'*\ a^lpi ^Lp ^1^3 ixl— jS/1 

j y^r £J l>A x>L ~S jaJ&d j . J j_Jl j «j_^ j <! cpjj Ur ( Renal threshold 
2 _J^ t/ai £U* <i bl ^t^al X- Jl IjjlT ix*ajl o!>UmJ 1 j x£il 

(J^_?xil l*j X»bbia Jill i ju jy> <Jl »«7.3 j ,« ■ - 3' IJLj JjXLPj . ^^-.i,)! Ojb»^jlj 

Acetoacitic 0 >x-~S/l J-x oL- S-ix: * .iJUi ^ g~jj vaiM 2^—jS/' j 

^ ^il ^Jl p - hydroxy buteric acid ^-*~j acid 

4 _jJL^\ (J -> ^ 0 4 Jl ^JAi 0 !*-i SiUaJL ^gyaall jLfi-1 ^lX*l ili jy^uj . COma -ll jl 

iJL*Jj ^j^a-JLM 1-L_* oX* (J ^u* iiUall jiLx* (j ^yaa^l jl i_J^Jj j . 4j^ ; ; «1j 

• <£j* ^ <t ;-a-~; ^g.'<a«il 

• ^blll J_j\] ^ X^ljJjLlJl J*-^l 


XYA 















u^ji — cr 0 -* ir* ^jUil J^JI j* On 0^ 

'j? I ^Sl v ****^ <j <j jy$° til ^ji 

t^«iil j <s jlSJl ^LJi J^Jl jt Diabetes innocent is j>-J' t£ vSLJl J^JI ( \ 

• <-W' ir* JJ £ jr **“ kJ* f ^ ^ £^*d 

Diabetes insipidus ^1>«J' <J^' ^j-J— ,_/* ^ j' *-0^ Jl <j; ^£~Jl J^Jl (T 


j' j * l «3l t^Jd ^ Awi*il v*' — >«JI j* (ADH) J' 0^* ^ <-— d t£-i_! iU 

,<pl y t Jl j jJ y • Jl J-a Ji olX ^^J l ^ JUJ J_^Ji 

: JUi JjjJr' j j\ji\ ^joh Jf>\j*\ (*-*i c^-s 



o*_-Ji 


ij^Lill 4->- j 

l— ..fl.;* gj\j 

♦ O' ^yjjl 3 

u ^O 

1 JjLju j'jji 

^ jI *1) ifj 

. iitjaul 


V^' 

4__* ^L^jl jl ^il ^Cj J 

. fjJl ^ 




J,\ i£\ } ijl — ij 

Oy jjJ* jJ* J- 1 ** 

pjjl ^ V*-^' 

"■ 1^ 

oA'uii— 'jl 5au j 


if iSff-^ JL& *'» l ij 
*\j Jj 

L^» 9 S\ «i— (J J a* ^Ai>-\ 

• MlVil jr (J 

✓ t, 

O'' ^>Ui 



v >^3l ii Jl 

*j'A **kj 

\+ijSs i*\jj 







YA. 












: Glucose Tolerance Test jjS'jJ&l JUs?»l <Jl£S 

(J { jp jS. LjI l ■«.;!? i ^ l— *P I*!—* 


JU-I J ^*jjl j 4^ — J _^Url JA pj>r 

d - - - ' a! ■ •* - (j . d^lpL-^- 5. 


o . IJLa jj ^ ^iil j • c> 

ju j) 0-i L 4pl o* i * ^ .^Ip ^-j 


(3 Jjfi" 4 ^>%lA pj . 1^) I ^jp .‘L.^j LfcS”" (J^Jl <js 

: JUl JSLiJi ^jA LfcS^ ^>../gJl i yill _^L-Jl ^yaj Oi-iiJ oj^S^jil aJt 1W 



: ji>j Ja^j 4Jy>i ot£>U!i 

! jyjbdl |J_A v_i >. . 1 T.- P j . j* ..J^l ^J_*J ^ Lp C-*U ja ^ yt jO^il Jf 

^ 4J -1_>J • ^ jy 0^ L<4 »jIj» 4 ^dutjl J\jtj \}j^J L* !«■♦ -0_J-4 

£)j^J O^jaLI 4-*r Jjj U O-^ 1 L*l ^ .»■ 1 (J} (j\l ^1 *?r 

j*— ^-1 j l >fc ;> J . (j 4-*> 4 fli;ll jl 4 JjjLldl (_5 Ol! jA ji! jjjU d— >- 

C ,j\j ^1 ^jJl ^Jjuiilj 4j^jiil olj olJ «4 


YA^ 





j j-^ J^x- v— *j £*ji 

o^Ljj ^j-p ^JbjJl (Acromegaly) <31 ^JpjS. 3jL^»*^1 . 5J 

0^* j* On vill^ JS* «a5*" Jjj . (^j^*Jl 0 y* jt jil 


O^AS 4jt ^ jXuiH lj> fj 0_J> ^ _£>b 

JJ £-*ji l_*5" . 4_J ^x^l) il j_llj i,. * . *■ v . l l A.;,.J >>_-.^o b? 4/. ».i\l 

< .4^ <^iJ_j l_jf . 4_i bn, ...ify ^tf»l — 4I>1 (JJLju* t Jp. i'i- Asn^j . jj S" j^r 

* <Jl (J yZ- £jA i£LjS jj^" 

<„ . . . \ * >•> 4jt ^ j * i H 0 j* ( JS" , ii^-P 

^Lijj| 0^ «^r ^4^1 ^ j! ^i| ^^lii 4 . . — i ^3U>*1 

£*JT OnoO^ "^£"" Ob 4jlpj . Ol ^ r-— 1 ")/ ' 0^-*_^P l 0^* t-5 

J-ij j' j-*l « j-i’W 4 JS"SM •!*! j jl J ' yi 


J-^* J-^ ■*** ^yj*J <j^j!--*y O' ^ Jr j -T^' ^*0* j'yi 

4.^1 a.p £y* \.. J u~ ^ \...j t i L- aj^j^jU Oj-^jj jjs_M *LjlM <Jl«-p ^JLp bi>* jJbli j.i^c 

j - - '' 0 j—* y*> J> Jjj-f Sj^Aj <Aaj .^jvJ j ***}*^ i j^S”" ^ . olu; J j3 1 ^4^j 

^\ a^ajA\ ^b^^^ yf _ j jujj o y^li oJb j£ Jl c^iji br . 

jl b«^*P vliii m jjfi" Cj* ®-‘^~“^ <y^' a ' ^ 4-L^P ^3 


. jt ^ ol5jt (_3 wiX5i OlTT SJUaib ^ jr' 

: *J£J! ijj» iJA SjJLi OUy^A (T 

ftj-f* A^-uj ob»^4^ ^2 aJ ^j^mJI (J^J^ jy^ ^*jj 

•Ujlt CtuaJ^ji j ^wjjjJi ^JlAi 4. J.> P ^Jb^I L^>\ jjl ( C , l-bj^*ij^' ^Url ) 4jl^il (jji 



jkZiuj , *j SjjjJl <3 j ^ «—»' ailjJ ^ J) aJ ^^ lil 4.:.<^/l a^T 

a^l_jj ^1 l yg^I 5 j .~atl >' y jA {£2 ji \*£ , ,j\J i j%j lli A—jT l*> oIjuLJ\ a-L* ^S" 

• £-* a-XA ^ (•-f’i* <j c^J^" 

: iJjjJl aJUJf C*U y y (T 

t Js> -Lpl— «J l*S" . Cwl^l oLjlJl j jyi ‘^‘‘‘l (J^AA {j* \Jx ~^ JjjiJl 

Oj-^i JJ~^" ^~ fr * ;— ~’ Jj Jl (S^_}i ^ JJ & _Jpr Jl Oi *f Jl>* 

• J*^ fife Cfr-^ jjyU 

:dyr\ SJUH (t 

: aJIdI ^a-ljJl y ,jJ j~— J** Oy\£ y > jW 

• Cfc* r j ^- J 0 
,A*jjI*^]i ^1 Jkl yS" Ji y Jbj jj JL^il J AUA-ljl a****J*^\ J1»X a jL J (X 

-X-^Jl c? (cAMP) -Jl y Jjji 1*5^ o>U-JjjJ! JL^ (^ 

. <_£ Jl (J j«jl j£. AjL 0 ^p^15"” JL^-Ij ^jii-l AjJJj L* *jJJJ JS" JLu j 

: j (« 

■ J-*“*i AJl ^1 Oi^ J*- aJ iUii* jylJ 

. Ju£j» J (cAMP) Jl «bj p 

•C^' jj^ jh~ £}*A Jl ^}i ^ Jjfi J^*- Jl - L J^' uV* ^r^"- J ■'*■: ■ ■-■ > (X 
Jl *r 1 ^*^ *J ^-X)l (3 ^ j /3lC ^Jl jj^jj -awll Ji^ Ji (V 

• ^ • >• J a- 5 C]l 

. AjlAjJI APx— d>>l-X^3 t 

• ^I ^w aJ I ^'“"I 

TAT 




At jull AtJ^l 1 C*li jA Jft 


Gastrointestinal Honwci 

: » 

i-jjl ^1) j A ;Clj ^ <Jiul«ilj 4 «.>jiil l j-* Ji”" 

*1 li j • | » ■— ~V lj cJlUftll jl ^>1— || * ^lp # y ^ jmmh# 4 L> * 

J jl -i > j _y—^‘ ( J _^-LS" yi-l ^ jj j .ai^jl J j»Ij oLl ja y» 1~- -«U 

. Gastrointestinal hormones (GIH) V ^ ^ y >*> 

l H . ol j . ;. . l l»jjjp oLS* ^jJ ^iUU ^UmII oli j 

tll-L ja.Lnli^ <JLS-lil kL«il j U J Jr fl ---* l^b 1 ^ Ujl 

* — 2-i-Ul «L tXall -j~a J^j iwjlii-l <->■ olUj ^»y ^ Xiiall oLi j* jii 
jjJ^d Uw j'jJlj - i-J ^i! < i.,rai ^>-lj JL^)I ^ J^J 4j ja jii Am+JaM o(j! y^|lj 

. (Uo^jl ^ 0 ykoilj iifljJjkji j^ll j oLTjjJi ^LalJj |, i*^pUl yjkll 

1 ^ . iLl w,» 4_MdP Li j* jM olAiP L jail 4jJbil) ^Jl ^ ^** j 

SUiUj £til 4 ; ; ,i P y* O^Lail U ^ 

. ,JuU> jll j( C»l,l«»ll cilJ J^l^ii fjA jA f y.«4 ^ia*J 

: ftUUtl ^Uflspjj aUej 

4_^»l i ja ^j—A l (UL«ll n j*~ ,.mA jIjl«I oU jy £*La£ 

! Ltj 1 1 a^lr ^Jl jJJj . t|^l — -mSj ijliill obpL^^ 

f .M ->U_^ oUJjjj*; Oyudtj ^ «)t£» aU/yi (> 
^4j jnij olj^jij ^ »..l»ll jJa3 oLJLai I^p ^| ^Jl tiU^I x! Ijd ixxJl al 

j SlxdLt Vb oUallj o^U«il oLS>- ^ «h-=ll i^LilCjJ &U1 JLlyj 4*~jty 


YAo 





Op'Ju-' 

• ► * * 


^J-ip 4-l>-ta L—a^Jp l—fSJji- j*— Jrl ^il OpIOT il ^il t _, / ^ m :'. i\Ju>^\ (T 

. A-^Lp^- ia.rt; jiljJ'j A pip A< .^a; £-^\p^0 jl£jl 

iLji> O' ^3' aOL~*-*^ 3' ^i' 4 Pja^t JlP p~ ^ -1 . /p S .* 4«JLp^ 

"i/j. cpL-pIi-aI'j aJJaII c^LJ’jjvjl Ji^J ^i'j * oL>-l 

^waJ ^l> aJLp- taa> » 0'j~**-D A*J^L« C— ft' (swallowing) aJ'-XAM it ^J l'i (JjUJ { j^Jtj 

O' J-*J c-fl. ■*.;!■' j ^-d' <_$ blj Jal> (jj jjJ»l yjfo ^*3r»lJl ii jJ UJLP j Ap-bp 

A-I-P^f' A— jjLtti) £*!>Lpty ( Ji* i' jJk' jjitRJ i ^jo\^'3~a\ ^OnjTj , L^vpL* 2I>' 4 J \ j 

L_$JJ ^ Jj A a ; a t> iIp' j^-*j p- jl A_Ol.» . < x3l Lj-ij^-jft (_J iIp'jiaJ Opj.*p- j d ^A-l 

A^iJiiJi j_l' u^~ - <-£ y»“' 4 ^p»- o^*o ■ t ^ L ^" j*-^ 

^ A_-A--3ai' ' g ~j ,^lp Aii>Jkl AJl.^.d 1 ' J A-A-Jai! iIp'j *>»Ip' JbJLatii j *. J pjAj 

^_k O' * _ ^*4 A^jlf-J .. * ■*■ - "' ^«li' jLp Lk^jP-i ^l*S si-^^O Lkjlij 


Cp'JLj-j ^Lipxli' l ■.!■»■£■ Jj JlitiLp i_Ip\. j .....1 jb ^«jiMj 0 ^AjJ'j ftJbJbdl iIpLi 

QJ^ ■_'•*- j A_jJJki A JUj J AjiL>-i i_Ip\j ^ A-v' aJjN' l^i^O 

. ^wli' jlj ,j ©c'-A^y O' (J>''^' 

' j " ; 1 ■ ' » O-' 4 A-Ji jjtil i' ^JLl w a. .l.l-Vii aOV. ». < Cj'j aOIjJ-OJI ^^ajLpaii-\ ^ja ^ 


(amide) — V— * i -:! • a - J ^jJ^J ^ J O^jjjJLi 

v-^ ^ +• * & jL^Jrl ^U *^L~S j~> cpL^ (ester) >-^'o (glycoside) 

LjJL _^>-j aJjLiI' AJliiil Sii^Ji y*$£ (J ^+*JaM ji-fpr' aJlp- 

'U.L*-P- ( Jp l -Vj o' A . laT . A-i^p>- » JJ-& 



j jljl j * \ '*e. oLj»LL'l Ol— ' -Lla> ^ JaAl aJLaP 

j-ijfc j oL; yjM Cr* '— j'ylj 

Oi — j (Trypsin) Oi — ■*>. >"j (pipsin) Oi— J^- 4 < ■»* » » oL^’i jl^-AL 
<y 4 J_*l y k iLiiS' j . L» y* . . . (Amylase) (Chymotrypsin) 

2 i'jl iUu • <*jV .1 J \ ^ — 1 (Jr-1 dl vi^JO — 

L*-. J_>l jJJj j£J . (Bile acids) d yLdl ^OL.1 Ji> (digestive detergents) 
^JLiii 4- i/ jtp*- lU <JjLlLl d*A*h yf>7 O'* 

^Lj 4_JLi JlJi j ajsuLAjI 0-i*ilj j»jil Oii isssji 4i5^ (’-‘iJ 

• ( ^ _^jLaJI ) 5j jl ^il sJLm? y~\j -L^llj 

LA £c_w»{j A_J y Jjil A ^.irai'Sl' * «AjA*M O j jjl‘\\j 0>LL«Jl} *JXt-JsS' j 

wi — L j j • dJl-iiM il ^ll odi^xi y\.a:^\j ^yaiT ^»LL*p J} iS^jLiil <j 

oU y> (gastrointestinal hormones) o L jJjlLI ouy y.1 : 

f*-dL7 0-^ — (D) Ov 1 -^ ( Oy \fj}Jr\j od^’V' ) 

LA 01 J -*- j -’l " y y JOJjiil dL^l - ^ <Ljidl oli y j& 

. ^^Lai<L j »,J a A Q-> L ♦ £• ^,dal*l I 4j ^aJlI <0JjlL| oLill L^JIjjjIj 

: ijj nil 2 _jjLa 1I Pi, ,. i y y T*Jb 

|» • P j ! aJ a-j 0>LLdl J A -l cj a.,, . .. *j 4j ^til 4 j JLjlII t^>U > . «1~ 

• 4 *■**■; - 1 ^ll 4 jJa 11 Oli jP Aj^LII Aj^/I 4j~LI. Jl t * jl i ^Al - j 

. (Secretin) Oy^*^' 0_^y> (\ . (Gastrin) O^y^ (> 

Cholecystokinin- pancreozymin (CCK-PZ) o^.jjd - Cn ~? y ^ 0^*y» (T 

* d _^*il AjO*II oli y jM oljJL JUl J jjJrl (jA^Jj j 


YAV 





•> *4l JA* 


JU! _ 

u ji»- Jt ^e—J: irOtj 

JZ^** *rt - 

1 * •"*'■ JtjL ^ ■** 

, rj JJ^ ^ ^ S^Ui- 

- %j.^ ! ^y- 4 ;^-wi 


5>.fa»U x&p- 

*>-^* 

Gastrin 

•r-st' 1 ►V $ +> 

»' 0 Jj — 5_^ji jk^ 

^JlJ . 1 j’ W-,% - 

i#r^%s J*—>P »; v. 

^ pdS*l sdl 

j^cft 

uy < P'>— ^ 

Secretin 

w— * ui> '— £>T i'jJt t - 

^9*^. f *»j;*-**V 

- $*i*3 

' vy> «->f 

- irf^yy i %*- 

«/¥ ^^uiuu-tf 

lTj rffi 

cAtit ^y^ty 

Cokcystokmin - 
Pancreozymin 
(KCC-PZ) 















'j — * J jJLaM ^L-Jl JjJLJrl jj o jjS'S. il oli y I ti-Uj jji SJU^L JL?rjj j 

a J-L_^ <_^»r 'jJ Li S-jyll 4-J Jjlil fl\ . :aii LgJrLjM SjJLlJl <J^U ^il 

LjJLp a^_> jii »^»U y jil till" J_*» ; >«Jj . *. .wa.il <^LL«jtiL ^LlJ 


: Jfc# J jiLt <) 14*131 <f\J 


AjI^oL" 

°j'yi 

aji y^ <41 JaUM 

Jy^il 

3 j'j- - »1 Ja. „ Jij - 

.4HV M. - 

^_J^U ^IsLsxil a' .tall 

r ^ )j — ^v* - 

SOVl y»L*Sll j 

Gastric Inhibitor 
Polypeptide (GIP) 

< -f-jS/l a> j _ 

.Ja<ulk]t ^U^lj 

^ j^J-1 (jJt JiUjUj Ji ; 

y~i-l j'>* 

Cr^i <^ ! 

Js- 

jiU-l 

Vasoactive 
Intestinal 
Polypeptide (VIP) 

*.u«JLi ji-\ «*j _ 

ij^'' — ’’d' a‘i— UJi 

i^yaii i-jJi 

Motilin 

(^—iT ji - 1 -i>( iill ^ _ 

illeum ^j'UUi 


Neurotensin 

oUy 

CCK - VIP - GIP 

aj ji Js aLu? oL^Uaj^j 

, 6 { Jii-ij j 

j 5 -sail 1 ,*>UL 

*u-Vi 

jjj—U-t - yi-i 

Somatostatin 

L-|^jLl ^1* <ill£ O' _^iU » 

Aj ^a!| 

j jJ ji'lj yiLaJj! 


Entroglucagon 



























4^-Ull J>-b Ob y ^15 Sjyll V^-t gjy 

i-i_*-JLi +\ Jujti l (J^— >- oli L^Li4 ^_4 JL-j-i*jl ^ j y£ 

<Cj ^ yi . *> X>\ <j yaiLo V— ^ 1 ^jA \ tm j)£’ j* 

• Ajailb ^../jl'u j 4j.lbiil 

>Jui*- J^oj u^. y ^Jlj Entrochromaffin ceils (ECC) £r-ai' «1>L^1 b*>bU (> 

A Ja. IkIW AjL*JLi\ cLaaSi' j^S" JSLxj j oJa*-L) A-1sL>«Ji.I aa.UU j 

Argophyi cells (AS) LOLiib £-~ail 5LUil b*>bL' (T 

^ A__jJjtil A J ^AJki ijjtil -Lpi ji L*t 6jjS "~ ill b^Li-1 -jA lP yi ^LS”” -L>r Jj J 

. (Lumen) sl*^' Oj j*j (Middle lamina) ajApIIj' 5^y~sb' ^ A*iiy oL«Ii j _.f 

^AjUs yi J ' ~ J I 3 . /-? 1 > Ajtt .'.'l J jJUi ^jA wjUjtJl] <P^j U A lull ^jA Ajl j<S- 

ji .$.:>•' J^b bOLLl y tL.^ ^ * J'^>* ^ J ■’'* J vii-LJ a_bi*il o ja j&>\ 

ji oa*j ja j-t* j \ yb b^L^-i ki-iir ^ j2j '.in ;•>• y j—a yi j\ y^t y^ Li ^ — -'by'"" 

Gastrin , Motilin , Secretin , Cholecystokinin / pancreozymin .Somatostati 
GIP , VIP , Enkephalins , Insulin , PP 

A_£»r1 jA A_Sj ^JLp £jT1 - < - Oj'J L>-t ^-^a jOS"* (J _ b^iji-l OJ-Lij 

oLj ysi-' J5 ai ^jr y\ AJL^ylH jI ^ fcil *Ui^\ yp a^aiM Lj- tf aJ *LaaS/' j' oU*ii yi 

j (_$• -! -?-; 0 y> J* yt £■ Sj-LSli btiLi'' wJLL *■ .'! *i O' J-^i J • 3j jl Aj JaI' 

jvaL — - il J_iA (Biogenic amins ) *->. ^ oLu>t jl y) Uajl o^aiJ' Li O' 

oU y >' JIu. Ot jSot.j . (5-OH-tryptamine ) J 0 j (Histamine) 

(their target cells Aia^— i' Ub>U Ji ) uyt; y'U Jl bt>UU OIL! aa^J' 

: s Ju^Lil' J yal' 



. Iglaii C->1 yi 3 j^rj Oji jlJ ^ J& {j* ^ *1 aSj ^ iaj ( ^ 

jjl JJLJl Diffusion jLi^l jf- Paracrine ^'U-l JL_ U^L (T 

. U5^Ull£UU 

j'>b ^ Exocrine Ar-^' o*> a* J^'V' ( r 

. jf oJuil <j (jLi-1 L5~ Sj^ill U^L«xU 
L»t ^ La*^|I S«v*il J b^ijLl O^i — ^Lll — 4 —Jlp^ 

4_JL»-I ) 4_J jiL* jf ( ***^ (J A 5j»>-l ^ t\jL»V^ jl ijjJLt 4_J»-U 4j>- ^La> 0 Ol 

>... ^ ,^jU- SjJLiJI Li ( ( _ r L._ ( ^Jl L£>U Jjt>) 5_J_^iiil L£>UUi . ( JSLsJl j B 

j Lj^LU JL Jj t y3_*j JL»-^J J—; . j_Jtll jt (^J_*ii A_J y* jk\ L$jL j£- 

Oj-iiU li r^pi L f J'- JlJiOr ^jlp « J*r jii LwO*il -JJLniL 

• C£^/ i;Uw|T IjJU jjb 



YM 



0 jJLJjl ciuli a . j U^Ul4 O' Ailijj Pears jJ\* 

(cytochemical) *-i ^L*-' 5-d j Lj-fy J1 cuU-uaJl ( _ r ii ajJliJI cu>U p 
neural ectoderm ^ jijZ'y ^ Lxj Lfj'jj (biochemical) h j 

l ij jaL' 4jOa 1' Oli jA jk\ ji ji] <ju 

Coordination of Gastro - Entero - Pancreatic Release : 

5j ij-uil Sj-w-jS/' i 3 Oj* j-fll jJldJl J Cw 

:li > 



Stomach 

Small intestine 


r-n 

I .irr» 

Hormone orouuc: 

designation Pancreas Oxvnnc. cardiai Antrai 

Upper Lower mtesnne 

5-Hvdroxvtryptamme 

EC 


Somatostatin 

D 

- 

Pancreatic poivpepnde 

PP 

- 

Glucagon 

A 


insulin 

B 


Unknown 

X 


Gastnn 

G 


Secretin 

S 

- 

Choiecvstokmin 

CCK 

- 

GIP 

K 

T 

Neurotensin 

N 

- 

GU 


4- -**• 


ir* oLj^» jX\ 1 -u«ip jl 0^ j* 

^ jl' ^-JaA LL*jJ L..,UjJ O j-J- S^xjT^ U Oxuil b*>C*-l 

. |» oLl*^ tjfiy f Jai d j £ jy*z* aJLc-j . 






cAJ^>l jt>t j c-5_Jl ijl^\ jJk J jLjj 0^ clpj 

IjL-jaipl (GIP) ^ jl jji ^1 A_Ji1j-Uj& y3l ^1 ^_il J jUj {£2 jj . o_*-b ^^iJl aj^kII 4jJa1! 

l*~i (Entroglucagon) 0 y *-lT Gastric Inhibitory Polypeptide 
uJL; _jlt Lc.jj (Neurotensin) j (GIP) -Jl j (CCK) Jl j' ■=>' y Jj^' 

jl a_*«j j jji <^I p-Jai»l 2 _Jl ^ jJLsJ-l ^oLv 2 ^*>U ( _ r — J 4 — it . (Motilin) 

^1 jJLJi Juiij . ^IJLjJl (JjLjJ OJj \ O (J p^- A-.I Jl IJLa t^JwLs— UdJ» yA jX I 

jl a «ia:* a jJU Ubjl j»\ J_*l jl a_jUjl1I o»L! ^JJ Oj-^j -5i 4JL jUie^l 
. ^Lj dJLi j (Ileal) jf (Jejunum) ^*11 JtAv- y oly yi 

^^-xUdi J -r i>» # _* ^S/l yl*>j — 0-5 — S" JJ L* J — Aj 

. 5-uUi (^JLPliJl ty - 1 ^ Gastertin - releasing protein 

Ji jji Aj ^jlii Aj Jjlll OjU yA ^ ji)| Oj^J »5jj 

(jylz yL. Jl tA ^ll C->I-5 .JLj jl <■— jj^jiLl {j** * *t*>S/l (_jl ^il y A. ; . ja»l l 

y ( \ T ) (Neurotensin) cnr-^jjjr^j ( ' t ) (Somatostatin) 

£-11 j (CCK) -Jl 0 y j* * J-*~J .otju*S/lj oJl*ll J} oi ^ryl 

•(Satiety) **^^1 jl £~iJk j^*-iJlj j, — *r' j j j i) jj«> <* ot 

• ^aII Aj-LkII OUjjtjgU y L aJkII s.^S'yJl 

Ayl.*i3l I (3 ^ Ok 4_j ^oJll A^j-ijtll ^ 'J \j yA y*\ U IT — IjLA^i (jl ^ j-- — l ^ ^ '' 

yy j.-~.:~ j . A-jp < c-l a.^> aJU y Lji* Jj»-Ij o-b-LP C-»LS^ ^jp ojLp 

tLbt C-»L > yA ji>\ jj lj (w^LU^I jj^»l -IjJ j . AiaJLillj AjLSjJI Jtx^^/lj oJUil (J dJj^ 

. -5»H ollall JoL^j j jl yi)j A-JoJll Or yi jy> M o\l ^*1 ^Jl y «j-^>vJl 

- \^o r U y>~ - >y£ Aj yfLA AjJjo 0»U yA y Aj^Li ^L£i -boi J 



y-fjy y — “ — ^ (Secretin) <jy (Gastrin) y >— U-' 
SjJllJI ai jil y jj-T .sjp Jl 4 iU?^L Cholicystokinin - pancreozymin (CCK - PZ) 
yll yuy <J aj-x* 11 oLill y* lijP y^*f y'Sfl 

c-jLJ1 y £w>f oil j . oUli jjJl t juu _lU- y (Cerulein) ylj* >— llj (Bombesin) 

v^.1 1*1 * ;*yty ysl_^-^/l ^Lj <3 jis Lull j L» jl y-ll <Ja— iJ^/l y«» o'j L »l l zj O^M 
. <1 ytLl 4 j Jjill OjU y jM 1 Jill I y« <Jaj jf- 4j>-L«^* a yr j 0>U y j^l 

: <L jaIi AjJmil oli ^0 ^JL) yi\ 

: Gastrin ^ 0 

<-aj j J>p y \ ^ 1 i ( Gregory and Tracey ) y*T j i^jyy ^ 

<3 ^L*l' c£J-*il y (Gastrin I ) and (Gastrin II) y >— U-l y yp J 
Oy, jy^' • y N • • y-y' jj ( antrum of frog gastric mucosa) ^oijall 

. <* ; 1: ,^><« a-L>-l j <LLL» ij Lyl La^* 'Yy JLImII Jb Jp OjLp y 

y-^1 ^ J y*5" *^Li j>T ^1 p *s \ y l j (Gastrin I ) Jl y (Gastrin II) -11 
kyt>L53l y* y y— *LM Jj-P y£>f J-Sij . <1 — — . L — ll <j \ \ £_J? ^ y jjjyJl y^l 
>w ^ lz^ I— _>t I — Jaj^" \ V ^Ip y*t J ;i .) <jl ^lp l _LwS > j 0L«J^1j ^liP^/l j y-lL .laja.allj 
yip N • J A j 0 £_jl _^ll J_iP 4_ji~/)/l yL*-ty y» T : ^ (3 yl-^^l dJ-lj y-J 1-^* 

A ■ » ll 3 ®J J.AA A_ji (JpU ‘ . <jJ.Jjj.JI~ <1.-1.— ll 

. jiju-i j£j <j^i vV 

yU^rl y* JjJjtll Oli*^ <j^*^ AjJ.T.ill C-»li y y^l y* Jj-L«ll (3 jJ* j 

<- pL— i*^l 4— pLil ol^jJLal ; <j\jC_-u^|lj ^JLll (3 ^?1 . < « jCl' L^Jj < 3 <l*'^ t il yj»— «<lJrl 

• (.^1^1 d_ i j*^fl <3 ^ 1 i * ^ y^l 1-f 1-L^ f j i 1 - ^ y* ^1^(RIA) 



J»& pu*l o^j 

1 L .--*.ll 




^Vi 

yjuJi, 

r-^J^ 

< r 0 -") r ^ 1 

; ±Ji\ 


5 

H • 

— 

< 

0 

Ar 

N • j • • • 

Big Big 

N*l 

Y • : \ • 

\ 0 

rt 

YjV • 

Big 

r 

^ • : A* 

\ * 

\ V 

Y^> • • 

Little 

Y 

— 

\ 

\ t 

'jv.. 

Mini 


ijj oij UM> £jA 4JlL*3^L| 1 *, I I -I Or^] CaA^|I JUmI^ j»Jj |1 J 


\ V ^-Lf- <^^l Little J» £^^1 *j-~i Lj-j ^jJI ,J oJLJl jm Big Gastrin Jlj . 

Lj^ULl M. ..'.* A <J jV-U ^1*11 <>l JJtZtuj . Sa*il <j k_->l ^Jl 4 Had ILULidl HiJaJl <j 

• ^- u ^' JJ-^T u** 

^p\ > Jt\ -1 ; ---^ -» Sj J £il (C) aJL —*~£y 3_jL^JI J: ' W ~J 

i_jL— T| ^ip o jj_Sil ji j>-A*a)l *j-JJ j-* H 2 N - Trp - Met - Asp - Phe - CONHi 
• ® jt-*L» (jLiaji jjl I-L-* *Jl ji * *^ >r ^ j£>U jJ**-* j^ldrl 

<3 _^l 'L*jLl jl»i.JI ^jA 5j L>!«JLJ (C) A»Lt«— $* ^ ^^11 4 j l^Jl 

. (CCK - PZ ) JI 

- Big Jl y i j>y~^\>r\ JiCj . £>bJl JUJji Ij^f £ .xiij 

^ .ij xJi I j — * Li ^ juj (Progastnn) jjij^L^Ji ^»J \» i_J ” y — j-^ L ^1p 

£-Jl»_j (Proinsulin) £-JJ» J-i> <£ ^Sf' Lj-LiJI y jk\ jl ^Jl^ (j jJ-\ 

f j— rijS/l < *— JLUj (Proparathyroid) L_J ^ jU-1 ^-JLWj (Proglucagon) 0 ^-L-T ^J-l 

. ( Proopiom - lanocortin) J? j£ y^ 
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\ ^ j \ a j Big J y j ( lys - lys )0i— 

^ > r i-l_i jUa—iJi #jLit l*i-* ^ 

OjLL«Ji)1 £jA 'CUxll jl yil jCIajj , ^ j \ ^il 4-i jji 

I (jy*UiL jo\j >.!■■•>•■ oJLaaII 

^JLp-j olJL iia — <\jt d ijjihS (G) *~^ (N 

jJ (^JLil j 5 jl* 11 j Sj ^ ll ( aromatic amino acids ) V^l 

. a-Ull J>-ta (pH) -M Oi-j J ,yti£ °jy^ -st-Jaj 
jf ( non cholenergic ) 5-^J y> jJ* ol^JUj ytJ-' ^ iSf AS- 4-J (Y 

(Bombesin) (p-adrenergic) Vij^ M' J-*- 10 ’ C^J • 


. I < y( Somatostatin) Oyli- y'- 4 ^ di. Ji -lau-S 
: jtyi ^ JB 


Ja-^dl J>' J* 

j-y 

yjs 4 j4j jIp 

( r 0" J*' PH) vJ-> 

— !l£jl . Ql.i..~...,ll 

(C-iJtLl i- l pOji 

Somatostatin 

Bombesin 

3‘/¥‘ 

— 

p - adrenergic - 
Cholenergic 


Somatostatin - Secretin - 
GEP - Calcitonin - 
Glucagon 


<2 


»-u> - Gastrin - Releasing Peptide (GRP)^ - ^ >-UJi j^L. o-i^ J j* f 


YW 

















<1— »L- j '(V Cr* j: — 0 jj* ^ ONI (V - 

. Bombesin Oi— £> Lzy <^' j j <jL^4->.S:.^f Sj-Llo 

: Secretin u; J j£~Ji (T 

SjU i j*rj J1 \ ^ . T y Tj Bayliss oLi^S'l f dyy <Jjf y j 

viA — >ji\ j\ j — *1 6i\ — jj ^ — ll l l£^J-i j 4 .Ja*\J-\ .~ll j 

tjs-'i (ir - * Oy^—* cr^ Jarpes ^ plilj <i^\j ji 

J 6 ^ Cr* *jy . v 4-^Sn JujJ- fj . j^s- 

• o jy&i L* (amid) 4 a ■ ■ ~ -« 4 jLJL» j 


His-Ser-Asp'Gly-Thr-Phe*Thr-Ser-Glu*Leu-Ser-Arg-Leu-Arg- 

Asp-Ser-Aia-Arg-Leu-Gln-Arg*Leu-Leu-Gln-G!y-Leu-Val 

*y ^il <Li> Jy ~+ Ji < r ~S’ J (j T V I Sty 4~y*SM £*1^ ^ pJjM <<1-^ j 

0^* (CCK. - P Z) -M j jA L£ Ciy (J 

4-?r 4 j1 jy\j jl^jd')l (jy 4 j T Y — £-i llj ^l£"~ 

,_jy j\ 4j J ^til Adl.vJl' C-J^ £* ( jjlj 4^-llli 0>L* (jjl J 'b/ J 

^ **-~*^~' 0^ 4-LU 4_i?L>«Jii 4 4.,W\i (S) 

■(S) ( y ijy ^ j*J*\ li^**** ^ ^ - O^H C§?~ 

tji 4_?rji ^yi a>cJj L^ 4 — if jjp . t jO pH 4srjJ JLLP /_y J 

jl jSy 4-fJll J_*l JL jO^- c. — tUA 11 4j^» 4 _JlPj t jO j_P J* U pH 

• t^-4 j 4y>r a l l 4 . T . * a { ^ jt 

_jU^j L- ^_ip - 4j^il ■ .■ii^j . ^jj £ i r (jy j^-JD y_i> «rt> «jii ^Ij j 

. k jy -tLiJ ia~JJ (j 



• -Ojrs^ js — (Y 

Cholecvstoldnin - Pancreozymin (CCK - PZ) : 

J Ivy ila-’lji \ <\y A r u (CCK - PZ ).-H f oii 

a Harper Oi-i -i— £lj . i— j jl ^ <JL^ ^>-1 4««j ^jlII <Jj 1>j1 jup i .,-J 

jjy Jl ^jP *L~' 1 *‘* <?n— j'S/^ 0>Uol^l— * *1 ^>-1 ^ ^ £ £ 

oUJjjjil <ii^' ^ Sjs-T jlApt jl A jii»1j ^^ iJt Upf 4p.li Ojpjull LiL 

L* oLi^ ojlii t^JJLJ Ol ^Lp N ^ 1 1 ^Ip j^j Jarpes oL^lj^ o> 
vJL^l f aJ J 5 -pjj «-l*> . (PZ) - J j (CCK) Jl JT Oy 

(CCK) -< UfJl jLti oi j (CCK - PZ ) JU l~ U*J jLti 4iji (PZ) J JJ (CCK) J 
. (PZ) Jt j (CCK) J ^ JT J-At oy* (CCK) J» jT i Ju«i 

<1—- . ^ jL*JJ r *L^Jl ^jJLI j ^,-ip ^ (CCK)JI J^p f JLiij 

; LkS” ^liT j (CCK - 33 ) ^ t>* **:^ : -- /i 3-L. h .. ^ip <_£ ^14 


Tyr-lle -Gln-GIn-Ala-Arg-Lys -Ala- Pro -Ser-Gly-Arg-Val- 

Ser -Met -He -Lys-Asn -Leu-Gin -Ser-Leu-Asp-Pro-Ser-His- 

Arg-lle-Ser-Asp'Arg-Asp-Tyr'-Met-Gly-Trp-Met-Asp-Phe-NH, 

0_^-^i ^ — -'-1— ^-lp (CCK) — B J 

L/ r 0 _ V £ (Arg - Lys) ^ (CCK - 39) *~S y 

'^-*>'1 .1*3 j I’**-- ft Ut Ua— j LS" y (CCK - 39) >' J* of J UUaJi 

. ^ o* (CCK - 58 ) *j~j jj c$J . (CCK - 33 )JJ 

^ O^il ^L--M xmJl j (CCK) JU 



(CCK- 39)Jt J (CCK-33) J ^ JT ^ U»UJ jg\+\ YiN^ 

• Ji OyV* 

^u^t *u^ii t/*u ^ (CCK) Jt jt >i j 

4.. la..^::ll 1 jjh US' aJ^UI «^»iJb ^ — I -3J iU-il ^-J j 5 ^J-l 

jlji^t t.ip U>J-L>- 4. « ? J g ^yip 1 — A j> jtt 0^/t ^ AjI ^|1 . 0>L' jjIj 

(CCK - 12) -Jt (CCK- 39)J' (CCK-33) Jt ^ JT jUaUJl ^ 

. jJlii r : * ^ Jit (CCK) Ji j*J' JU* ijJ ^Lj . (CCK - 8) Jt ^ J ^ ^AiU 

J— «J»J 0^ • S^t^-Slt C-»Ui^^il £jA AjS' j-ijl A?n— uSH (CCK) Jt I i \. | 

• ^ J 51 ^ ^ (CCK) jt 

: ^ ujU y > jit 

: c^jait ^JLaII Jxill -L=-J' JuJLfr (^ 

Gastrointestinal Inhibitory Polypeptide (GIP) : 

t j-& 5jL-p j_pj . jt-JLuaJt ^iJUiitj jip ^^t (GIP) J' dj* f 

: Jldt ISLsJt j US' iJ^\j Ui«4 iUL. (j (J^ 3 ^ tV J-* Oj^J -b-AP 


1 14 

Tyr Ala Glu Gly Thr Phe lie Ser Asp Tyr Ser lie Ala Met 

lf> 28 

Asp Lys lie Arg Gin Gin Asp Phe Val Asn Trp Leu Leu Ala 

29 43 

Gin Gin Lys Gly Lys Lys Ser Asp Trp Lys His Asn lie Thr Gin 

Jt J o>Li Ji j£-Jl jtj-it ta.wJ { Js- l J-Alil li> oiUS' (GIP) Jt j>i J*j 
jJ J— J^lt jt Jt\ A~J JU (GIP) Jt J-ouj • 8 “A*-Jl1 ^ jX-\ JatuJt Ja— AT Jt 
U:.; jjS' jLMj ^Ulail JjU isM-i (GIP) Jt jt j>t .01— j^tj >w->^SJtj Ot j2aJ t J 


r.. 



: ajjauJI is- j *>0 .fa.t.-ll JL1..I1 (Y 

Vasoactive Intestinal Peptide (VIP) : 

^ y>j ji 5 -pj^n i^. ; . « i _£j^» jj <*f ^ v * (VIP) Ji ^ jp 

\ — Joj\ (jw <z-_j £l/Ll (j i jA^~ Y ^ ^ 4 j: ., -« 4l_l^ ^ 

:(GEP) J'j 0^rlT_^U-lj j£~Jl if <Jj V ./ JjU* 7 


e 


to 


it 


12 13 


14 


VIP 

SECRETIN 

GLUCAGON 

GIP 


VIP 

SECRETIN 

GLUCAGON 

GIP 


Tyr - Ala - Glu - 


His * Ser - Aso 

- Ala - Val • 

His - Ser - 

His - Ser - 

Asp 

Gin- 

Gly - Thr - 

Gly - Thr - 


Phe - Thr 


Gly - Thr - Phe 


- Asp - Asn - Tyr - Thr - Arg - Ltu - Arg - 
Glu - Leu -js«r|- Arg - Leu * Arg - 


He 


Ser 


Ser - Asp - Tyr 
Ser - Asp - Tyr 


Ser 

Ser 

Ser 


|- Lys - Tyr - Leu - 
I- lie - Ala - Met - 


IS IS 


17 


IS 19 20 21 


22 23 24 23 26 

1 r~i _ 


27 28 29 


Asp 

- Ser 

- Aio - 

Arg 

- Leu - 

Gin 

Asp 

-Ser 

- Arg * 

Arg 

- Ala - 

Gin 

Asp 

-Lys 

- lie - 

Arg 

* Gin * 

Gin 


Arg - Leu - ILe« }Gln{- Gly -jLeu 
>ln 


- VaiNH, 


Trp - Lou - Met - Asn - Thr 
Trp - Leu - Leu - Ala - Gin - 


0-* Cr 4 Jf j £-b (VIP) J' ■k " Jij 

’ (VIP) JJ 4^>t-^] ioljylzJl . 4 ^j jj! dUI djLj.JA)i 

. < jA*J4 jl jt l i — 3 IjLI ( \ 

• tj* jl J*y *7^ (t 

, ^-LSl Ajl tej.?> ( r 

a* j (cAMP) Jl £ ( t 





• (VIP) -U Jit" Jj-iJr-l O as!% ^iJ 


J r^ 1 O' * 

• jfa *!)'•£> 

_ ^JlJ' ia, kjp 4 — ^ j\>* j 4j>d.lj <j3*-\lJlj ci 4-A ' 

. -- <A*jkf- o' j^j 

</ — ^ JL-O 
Cardiovasvular sys. 

Adenylate ^->y\ i»'— ^ «— * - » J Wj — S — 0 J 1 v*— ^ j' .W — Ji 

. cyclase 

j^ 1 

0 il Jmll jat, — 

, 4jfc— ;■)' 1-A> J — JfrL— «J][ 

. tS jK^& Ji-t? *J^j - ((jy j*- — 1' n'-^*) oU^j J'j »Vl' j> J>\ s-J 

CCK - PZ J ii Or - U-pU3i cOHO J»V__JJ 

JrUJ 4-0 » j jj jj^> 4-*_PUJt 0 *X*ft*H iU-wj „ oVJ^l j c-ll' n : .li 

. adenylate cyclase J' 

: ,^-ii jV^ 1 

f^t 3 ' 

ftJjdi 

jl^ij 

^1' <lo 

Utjld' j aJLILU' 

— )' p— J*\ U — f-i— l 1 jj-$ jOJ* ij'-ij ( »— • JJlj Ol-** J^-^l <-ri 

. adenylate cyclase 

^iiii j-iOt 

. Somatostatin j — )'_• jO _, — 'Y jL»> 

. LH -k j'yi Sr^ 

— •'' -t 1 — ^ J-jji - oLv^j^j^-o-yi i*-r^ >i— >• ACTH -JJ 

adenylate c>'clase 

feLaoil 

4-15kJ' J 

-J 1 ■ p_ 4-0 — - ^5"" j-iJ’ ft j -£*J Vj^>- ^jAiuu* 4-0 

. adenylate cyclase 

^ jwi' 


Ji O- 1 ^- ; -• mA JLj-b^- /j>So'*l -La)j . ^Jl^-1 i^»«<X*il 4_jJ dU-ol VXP -" AjjiJ 

. ^cilj ^ull Sj-Lull fillill ^jA <UjJO VIP 

















• Motilin ^ (? 

j-*j • N ^VV *L_p- 4jvIpL^»j Brown aI*— J ^ -Li) 

: ,JbJl a—j £^b> <4 u^~*" ^ ^ 

PHE-VAL-PRO- ILE-PHE-THR-TYR-GLY-GLU-LEU-GLN 
1234 56789 10 11 

-ARG-MET-GLU-GLU-LYS-GLU-ARG-ASN-LtfS-GLY-GLN 

12 13 14 15 16 17 18 19 20 21 22 


oli y jb I ^iL; Cr*' (j £*bJ *J*k*zj 

^L~uail (. l_jf AJLi-lli aS" j>- ^ Jri ;T <j jj3 jjvi-J ^-*Ji O' JLoIsjj . A>«^*ll aj AjUjlII 

ApL— 1 T J-T Aj Jjj A-i^jat; J *■* (EC) frU— ail b^bi-\ # j' . 

O' -1 la, J y t'-L-itll 0 j'-h C/^kJ Ja-T Jj j( ^ j . Lj Jjj 

Oi-bX ^ JJ ^ (J^j — i Vj • ^b)' e.bL*l' (JjLli ^ j - *■» ^ 1' A$" ^>- Jbj^ Ol^ 0^ 

• £^J JS* 

: Pancreatic Polypeptide (PP) ^b j£~P *tsJl JsJ* (t 

{J 0 -*' U~* j' _/-**)(' 4 -ri 4 ~'' J j — ^j . ij *** ir* (PP) 

JjLj -1_*j (PP) Ji jjkjj . ilkj\ J^b*S^ bjajf J-*J« b*5" • 02r“*tt^ fij\ J ^ iJJ ^ 


jJJfJ y-l>P |^J^I J .^> j-»— •- j olj-S^jH 4_1 tj^ill Lj^bbi . 1 yi } Jjj f'-l-f 

jLi!>U (PP) — Jl <3 £jbJ 0b< bi 0^-" -1*0 . ^/-b _^Jb jjlfc 

^b^l jp b>^ OiP jail j ^jbi-1 j r bp^l j OL-J^l j 


r.r 



(PP) Jl *j**j <y ^ j 

J ..1 »:T ^Jl o>L* ^1*11 O' "ill *l-i-*Jl ^Jj ^Jl «yi_*Jl (Jl jJb Lj^LJl j aJIp 

• gy»~ JL* dJlj 'il a-*- J l 

: Entroglucagon djpr&jkr y (d 

Jgl .‘«t j Qtai j—^j • 4_j ^* ll 5j*A*il oLaJl ^-vS’OLvti**'! j* 

oi jJLjj . ^-aJl ^-—L^^iJl O^'f’l— S"^Url A 0 » o j ..fg J-l a .a l Qall ^Lor^U ^pL» 

jjJ — J l (Jl J . jjJ — i y^Jl Oj^-1 — 0 — * J 1 — ^ — *1 y* J Jo *J — 0_*^-l-J^Ur 

. ONI ( O^^LS"'"^l?»-jjO'^l ) *'J A ‘**^ j > 1 - 4 - ^J j: *** a J l 

I 4j yll AjUjJI OU jil Ol^JU U ^Jlj OlJUjJl oJUf j** br ~Jll OlJ-sJl 

I ^A L>r ^J^j» *J“I«V Jl Ol-LiJl ^L**l A*Vj 1 ^yU- O^VjJLjJl «LL?r 

1) Bombesin - like peptide 2) Physaelamin - like peptide 

3) Coerulein - like peptide 4) Brodykinin - like peptide 

IjJljjL" ^JL^jS' 1 JL* *ii£* iLjaj Bombesin - like peptide JJ j*— i ^j-s -Lij 

Jb-r y L*l [Jl*- \ £ ^Lp (_> y>- olJLij 'Jt OjLp ^yAj . Sj ^*il AjJuil oLaJl ,^ip SjLaII 

Bombina bombina and Bombina variegata Laj c^LLoil ^ aU- j 

£;L' JL! u l>-isll Jif j <r~* J J Jj I c' V • * • Y • • £L Jv 

L$-> *_i r *'^l 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Boabesln Pyroglu Glu Arg Leu Gly Asn Gin Trp Ala Val Gly His Leu Met-NH^ 

Aiytesin Pyroglu Gly Arg Leu Gly Thr Gin Trp Ala Val Gly His Leu Met-NH^ 

Ranatensln Pyroglu Val Pro Gin Trp Ala Va) Gly His Phe Met -NH^ 


LI tor in 


Pyroglu Gin Trp Ala Val Gly His Phe Met -NHg 



Bombisin _J \ j* Alytensin , ranatensin and litorin v~»j 

. Liajt JlJUr ^ Jbr y 

t ya-^~\ j j' jj>\ <j Bombisin — b v* - ^ ^ tbl 

a_jJL *11 eL :ll' aJIjjjIT <uL>^|U aj jl ^li ajU^j ^A- l >._. ..«.; L*if 

OilJ W»J> £*J 

. (Antiduiretic) J ^ j' j-»V jbbj . i^pLii 

Coemlein J' ol»- ^ o' x: ; . ; l t j, » lillAj 

y* 0 Phyllcaerulein b'j Vr*^ ( _/ 5 '-*‘f N ♦ y» 0 
— bj Hvla caerulea ^L«j» f L^a^j 5-sV^ 

ajj! jil <Laj ^ ysLiJi 4 ^ (j iJLpli U> of (CCK) -b A^iLiw* cjI jJU Caurulein 

: Brain - Gut peptides ywiit SUllj pit 

: Neurotensin (\ 

US— -JjjjJI s — -f j j £>L_S J Jj — > (jSJ JLil 

' f aJ L^IS^j o'— aLjc*tj jLiSll V v—* ^ ^ til Neurotensin 

• bkj* Oir* LkS^ ^IHj yO^~ 


H^N-Glu-keu-Tyr-Glu-Asn-Lys-Pro-Arg-Arg- 
-Pro-Ty r-I le-Lcu-COOIl 


, fjJl la* J* (J AA>- j 4j ^>-bl ( \ 

• ^AJ^b'j (Fundus) (T 

• O'* 0 jl ^il Oitj ( T 



Prlaclin , GH , FSH , LH. ACTH y j\ J>\ f—A-l J*V&\ ( i 

q» ut> ej%_» ^ -L T j . OM^ i-ljyK j^P Ol Mi 

, dU^lj iL>^ ^ ^ 

: Somatostatin uJk*»jJUj-Jl (T 

0^— * *i— IP aUjij 0^ <3^^ ’ ^ ^ c^* ■* ?*:■. ' 

. o-Lail j £— Qy^* — 1 jh* y j j** cLw^aii 

^JLp <Jlj^i\J ]a%* -L .:.Jl IJLp j . a -Lull <_$ I...,/a»\l obl$Jl y ojl y\ j*Jj j 

J1 5JU^ CCK , VIP , GIP ^ JT Ja^ ^ ^ Ujtyl ijj\£\ l£fcU 
^-*jt]\ — uaj # jvi AlJ j . 5j ^* ll c^LjaLi*^ i J a * stm ^-P Uif . Secretin 0y 

. jJVii r : ^ J'^ <J 

: 4j jail 4 jJLa11 OU y ^1) 4~j OljulJl 

: — «il jl^l : l 

si 1 ijj^' O - * J ^ 4jji.i^-l lj^ii-1 jj aj 

>^V Aij^ Cr* V J 

a.x. » al i L_jjlwLi-l L^jLl jl y^-i • t*j^Aj (j 6 J> y ® _/* 0 

c. >\j>y. ^jjj^ 

— — Jl jj ^ jj_5 ^ y ojU j *1$ j\ ol y_p*j 

al^_il <la_^.l y (J : 7 :— * 1 ^/' ol ja-'^ <jUa,l ,J-^.j . ^-ijj^ Jj*^^ ^i Cf“ 

Jl *]o—J\y ,jy«li_.,j>' J j-*-xa jLkjl (j&£. \S atropine 0y jy^li Ji> aoUail 

• uy-jj^y 5iUt- iiU Cimetidin 

1^-0 ;;ll 0jj*5J • a JLaII (^<1 jl >1 j JyjjJ J JUl ^-USl pyi-JI ui-JI 



s? yi <_>jl y^' i) ( Pepsinogen c#*- ) *1*-^ j&* • <J S - 

l j—* <JLU o*l yj . 4j»L»ll <aJs 31 ^ o jpr j^S (Oxyntic) - •»- H Syyii 

<^t OVl 0*y«j jl j . yp *4*^0 c-*l y«Jlj il yi)i (Jj (jor- y...» ;! ll 

jl 41 JLL^b oj^Jl < A+c - <>LiJ JuLaj <>f jS- . (j&r y— — i! jl yl «JL Jk» ^ 

(Chemotrypsinogen) y?— > y y*-&lj (Tiypsinogen) jj*- y-— i yil olcyl 

. yu# ji>V' ^ U J>‘ ^>b 

| l *m! 1 J «) ^ll »M Jl^ * jj 1 4)1 *V | JUOljli jl ^#1 4 lijlj 


— * (Secretin) O? - 4-*»il jO«j L^" . «. 1-iill 4*-^ ui ^4 y iLl i>_..^« 11 <oJ 

f j** ^J-^J <j — Oy y: ‘* i i ^ dj— b* Oi^yoj . jl y^ bySil 0*44 

Li 4?1. ■ ^Lii y Vi ■■ i| 0>*y lA* 4ww!) (ji 1 *::" ) ^L»Jl ij^dll jjl L^Jb^i( . 

• ITj® pH ^ * *» > (pepsins) oL*mJ1j * Lw»f 1 * /3 t Y O * ^«*^ 

oi^Lt — ~* (Stomac parietal cells) ^ SjjIjjM ttsLUi of o» jy»ll 
(Acetylcholine ) o4 Jo_-^'j (Histamin) oyL-JUj (Gastrin) ^y-UJJ sJLaii* 
Ljyb 53 L-j ujij^ Jrr-^b ^yy—lJ-l Oy oJl^-j l jy*lo»*U oiIjjjIJ j 

oL'jjf <Jj->o #^L* j jj— j it? Lo (cAMP) -il 

. 5J*W' b^>l slip J>U r _^Jl£)l 

io_*JU U£tf4 ^Lp <_Jy* >1 L-*jl y^l o*44l jLil j£oll J-OTj 

Ly^l 0*1 .j4 ^>1 jy Li Li*yiil 5 — L 4)1 Jir <^iil j . (Stomac parietal cells) 
(Histamin) OyL—Al j (Gastrin) ^y—U-l o*%L~. j£oil . ij-uil L^AiLl jji; 
(Cimetidine CM) -Jl o»U*-iil jJ L' <iy» (Acetylcholine) Oii ^ 

. (Atropine A) Oyjy^'j 


r.v 



HISTAMINE 


m 



) A A_J\jCjjl j j t\_li A_j1 jl ^>1 (_j ^<1 j ^^iJl (jLj 

aJL^II jjflai L* Jliu ( jLjlilj ol*' l j\?r 

^Lp oljl *«i> . (Chyme) ^ a. A jJlJLiil 

A_j jllJ^jLir-ljt Aj A^M>U ii Cjl—^dLi f j^S_j . A_j ^*il 4 _j.JLk1I oU ja jJA 

jjL-Jl jULl Ajt jl y\ a_jJ of ^ 5jiiii (Cholenergic or peptidergic nerves) 
a] h*m ^lil Aj-Jr^ J Aj ^li]t b^jL-l £jA «lilj jI^Jl j\ ji\ t £Ajj ^ 



ilLLj J->-li ( cAMP ) ij-ijfc Jl J Cv . L-L«( jjJ Jl jJU 
^i^|l Lj jli-l jJL» JJLoJ 4> Jj*-* J^- JJ jf" Aj j-U !»---« (_f-iilj b^li-l 

^ jL* 1, ^idll <i»Lijj( Jjl_J ^ wLj cJpj . jwr ^a)l lZjISjJ^I 

yaJat- Jl £* c^UjJ ob j jzt LfJU^-l^ c->UjjIj b^lji-1 

»-^»Uj{ (j-A 0j-» ^^Jl .> : , .. < 1 £* *-ib j Jl dUi pH Jl ^4 

»jJL : > j > _^il y a ‘ ~*~ *1-^ ^*—4 l— i _j^-4 Lj^ULl Jj>-l.i ^*j\_Jl o .x r -Srl ^;tf j~--i j (‘•Jl 
. ol j> ^LJ\ jl J>\ Jl (fzjt U (Carbonic anhydrase) jl JJLJ j> ^y\ S-xpL-j:. 
jl 4. **\> ^^Jl o^l ,di ^J-l 4JU^,1 y^i j^Jl J 

: Cx*>J» «J* (VIP) Jlj (CCK) J' y Jf jJb' <s~£ . ^-jUU 

Phosphatidyl — J ' « jy J CCK -Jlj Cj$£ J—s***^ y JS" cJ j>*j ( > 

— ll Uj .-•.* j 5-JLi-l J_>Ji ij—J-\ ^ j ; . . J l^Jl iS^lijjty i ^\jjj\ ^ inositol 

. <^ JLJ4 cLuJl o>LJ jy i yL~* Jl Guanylate cyclase 
V *— . i ajus — i \_ 4 j adenylate cyclase Jl s~>' Ji iS*y. c/JJ' VIP Jl (T 

j l — ..lllj j^Lj^Vl jl j-*\ Jl l£^-U- 1 frl— ijdl # j* •-♦ J-1-A4 ®il-ij . l 5 ^JJ-l c l .~r 31 

, \i jl ji^l vI^L-J-l J^-l-S Oj>Jl Cf^ y: • *• ’ jJ ' J y y-Qhj 

acinar pancreas *- — b _^Jl ^ j>JlJi Jl — Jl jSJJi o^j 

• Jl^l 1 »Xa ^ \-»;l ^^Jl >— ^l«<ac»^/l^ (ju ^ . « ) l 


r.^ 



I secretin] 


CCK-PZ 


•HCI -Amino Acids *Ca + * 

•Site -Fatty Acids -HCI 

•Fatty Acids •Bile 



DIGESTIVE ENZYMES 


: Biliary secretion jl : liJtt 

0>lj-i* ^ Ip CCK -Jl ^la—ly f 1 I jl y* yil |» - la i ll l 

JjLill <j ^ flj »-^U oU jy*Jj • jl j a •,!-? ll aJL^xj yi-i O-’L-Uj 

■/? ll t j jp ^| U JjJj j a 4 1 1 fci 1 11 ^l^ll 

4ja__»ly f I 4j ji J 0*1 yjiJl j\ J>\ <y^j p-~ij • ^yb ^ywjbi-l jl b^>- JLp 

4^ . xly ji-lj VI - 

. l^p^" J ‘--’I JfrlVllI OJA 4j t ,.., ! » 0^ ^ . (Jyiljt— »^l 

; — All 3l>y : Hj 

Oy CCK , GIP , VIP iLSJl oU y j * y* -b-Uil __ r fUj 

1*1 jyl- Ei , Ei , Eia y ob^ ^b^l j 0 yrlT ^bU Jl ol *^b 


r\- 








jf ftLilj U. ; ?7 (_jj ^]» L*l 0 ^5il j 5JL5jJl ^Lp 

— ll ^LjaJ A- „ ..: 7 4_JLpli VlP Ji j < jjJU j . j fill jl A.. II; 

^ J— ^ j' j>\ JLp U*t1 j^U ^-L-f jm fciiii ot -li** vi--9- Adenylate cyclase - cAMP 

. O Jjp «U»Sfl ^Lp Aj y> ji»\ otjotiM 0^ j*P . j till 

: SUaU a£J~\ J 6\b}\ 

Motor Function of the Intestinal Tract : 

a_j Jbtil SLiaU pjlaJ’ ^ L*l> Lw ji j - — « 4j ^* il Sj Jbtil 0>li y jX\ v_.jdl 

— AJjl Jll A 1 :£> i^tll — „ A Sjt.lll (Lu^|l . oJbtll ^lp IAjjjU IJlA - - - ■ j , 4j ^iJlI 

IjjA jl »AP -j^ j_u>L< P IjjJ C>li yll JJj . ijl yUftlS 0^1 j 

jj— * CCK — Hj jji J!~*ij • <1 — J»LiJ ^ip (^ijaP) 1 

0 _^L_f ^ULtj VIP -J ' j Cv \ *~> >1-1 -M_~U S_*Ji' oU .:Jt 

. <Jl^l lJlA ^ A^.t* djijolJ C)y\S" 

i.1 ^-1 p j-p - j— '^ J ’>* r ajIjJU 

(JjLJSM J-j J* t j-p j— J>L* ji-p . ixA\j o^L^ip ^-Jlp Sj yy^ 

ij ^j-Ip S_jjI ^ ll «JU<» j^- 1 ( jpLUI CCK -Jl o >1 _£jU 0 j- aj-Aap jl*-M aj j Vt . 

a_p y*^ ow frl j * ^l' ^ ^iJ j . aJLJL— c. aJLaII o»Ll^w- <1 OjJj - 

: U-i La^Ju ^ll j . aJUiII 

. aj jl _^ll a 1 , / » jl*Aar y y Sjbj ( \ 

♦ iliill J *J > Oy Jw^l -liP Sj yr S ^ Y 

■ jjM J j}& { Js- f (^ 

y-* {ft Jl b'J* ^ Ji (/■>>' j-^ ipyij 5LJ Ou J^j ( t 

r%% 



<bJjjjC~i*Sn OU y 

Steroid hormones 


of * £-Vi> o>LiLy- £pi» 3jJbjjC*^^|l o->U .^i) <«.,» J )\ JT s -T j*J 

SjUi^U ^ SJLA-l L^T yj ^ OiJL^ .UaJ ^Lp 5 -illiP LiLij £~*L#t 5 ilO»^| Orv—Li JJ >w 

c^t iisjJ-r- Jl ^'asymmetric 0 j — » y^3' ot ji> Ja — «u ^ Jl 

. isomeric possibilities oNLi»-|j steric modifications <i j^\ 

-L-ty £_4^Ul "il j\ j t—foj 5-dtill t j-* of iijJb l-ii cWj 

JLj~ JuA^s-j . 5*p^J! 50 y * yAl 5)aJ0^jl ^ j 5i < J-i L^uj XiJjjjCAa^ <sj\*S' jdS 

• ^LjJk^|l »OjU ja ji>\ vlJLlj yi" yT p flT; sJLil -Lilt <!t 

\ ^ V ^ ^Lp <Jjp jT j y-A j* Jjf Esterone Ojjw— V* 01— 5 ” oilj 

Jj-P (^JlJLcil Jm Jl £L _-0»^Tj 5— i yA* ^J— J> silil 0^"j 

LfiLiii- Li* y^ T Y o ONI oJp ^JL tilJi Jbu 5 jOj < oL5"* yll 

»JL» U j*a>“ N jt-lpf ,_yJLp- /<<Ss>f Li" . 50 L*-^il 5 _>-LJl t>j~? ^^>fj . l.» ;; U 

. o>t-L 

H * ** ojy<il o ! ■ 4 « ^ )l yjil ^ n m»i oijj^j C d ^ ^H ^ i j j 

orjJj-Jl 5-^jk^JI oli 5 jJj ^ oLS" yil J^oJj . Terpenoids or Terpins 

. Gibberellic acid and Abscisic acid j^-b **js^ VM' .^/U ( \ 

. Juvenile hormone 0_^^J (T 

. Famesol (T 


TNT 



Carotene J— oULJl Isoprenoids (t 

Plastoquinones £ y -~> ( K ) Ubiquinone 

rubber^s-iai' J*Uail <Jl ^ ^Jail Jji-jJl <;U-P- (j <T jLil! 

J yJl ^jA ^ |*-~2 J 

Isopentenyl pyrophosphate oli - ^jjk ( N 

Dimethylallyl pyrophosphate JJf JjIv i /'- 3 (^ 

♦ cT 4 ^ Cr^i. Jji^ <J-£ <^i W * J 



Cardiac glycosides 


Hormones 


Bile acids 


/ \ / ^ 



(an antibiotic) Squalene Alkaloids 


Estrogens 

Androgens 

Mineralocorticoids 

Glucocorticoids 

Vitamin D + metabolite 

Ecdysterone 


Rubber 



Carotene 
(vitamin A ♦ 
precursor) 



Ubiquinone 
(vitamin K) 


H 3 C 0 0 

\ II II 

C=CH— CH 2 — 0— P— 0— P— O' 

/ i I 


H3C Q- o - 

Oimethylallyl pyrophosphate (2) 
+ 


H 2 C 


0 0 

\\ II II 

c— ch 2 — ch 2 — 0— P— 0— P— 0* 

/ I I 


H3C 0" 0‘ 

Isopentenyl pyrophosphate (i) 


Juvenile hormone 
(insect hormone) 


/ 

Plastoquinones 


1 \ 

Abscisic acid Gibberellic acid 


Plant hormones 


r\o 



: OUyjaJUS Jl 

Basic ring structure of steroid : 

Phenanthrene V s " ^ ol-bjju-.NI Jr-^ 

, OjIaL^- 4 j^j ^jA j_£ - ill 



Phenanthrene 


-“N^ — j l_j .,.i.lll ^\_J k 5 "” a. 5JLU << Jl OLjaj 

Cyclopentanoperhydrophenanthrene j i +• * s — ^ y j' Strrane 

: JuM j j* 


h 2 c 

I 

h 2 c 


H 


H 2 C 
H I 







ch 2 


H 


/C /CH 2 

ch 2 | ch 2 

H 


Cyclopentanoperhydrophenanthrene 

(sterane) 


?r j j 5iL*ii j ‘ ^ >_■ \ j 

olji S_>b5”* jl £• \—Jajl Cij^j j\ ^Jt ilS^ L*5^ bw > y 

c^L-iLi-i ^-Lp 0 j-» o»l ji jJ-S^ Ol «d (J-; v_—S^ y>— i( 

c*lj<L jl ijjl^l 0 jj tjJu L«l «»*li oU jl oil 4 *— uU>l jl 

0 ^-{ o^l ^—%y \^S ,^_S!Li-l yS ^_il ^ .Ip 0 ^ ^il^» 

i ; *_ — l-i.-U Qj\ al>Ji j^tj>j . ,_^\_zii y£ .~il) £*. J & ^ll ol fll>- i_*j j*^U 

• (D) *-J> ji-b iiiL>Ji yj_ l*~J A,B»C 

(^JJl Sterane Olj <— <~~£ j i^b^i S^paiaxil sJj Ja\\ £-i>ji JbJl j£-iJl j 

. iJlj\Jijjjy~* i^jU ^-jT j]S jOu 



Sterane 


rw 



cjUijjo-ity fl-il 
Classes of Steroids 

J^bL £j^£ m k!j\Jujj\Z ^jA JbU*)l C^IjI t^A-l j Jbrjj 

A jl ^ jsll ^JLf' jl - ** 

: ( v»>) 

. Femal sex steroids V>^* objjwl jt Estrogens •sjL -*- (\ 

. Male sex steroids jt Androgens •ssl-*- jjJO'ty (Y 

. Progestins (f 

. Miniralocorticoids ^'As ^ ( t 
• Glucocorticoids cAx> j^T y" yM (o 
Vitamine (D) and its daughter metabolites S a .j. vl l iJL u di ^4l y j (D) jybi (*\ 
jJl J jjw-J ^ 1' Ji Bile acids c' y-al' Ji oU.'jlL 

. cholesterol Jjjw— ly£M ^ L-*- y fL-jty *Ji_* JT o\jl> 


‘ Jb ^bujt CfclJ 


^ t-vl yi^> 

Jj! ^Jl ol ji 

^L^Vl LaJi ^ y 

ji — «J' 

Estrane 

17 

Estradiol 

Estrogen 

Androstane 

18 

Testosterone 

Androgens 

Pregnane 

19 

Progesterone 

Progestins 

Pregnane 

19 

Cortisol 

Glucocorticoids 

Pregnane 

19 

Aldosterone 

Miniralocorticoid 

Cholestane 

27 

1,25 dihydroxy Vit D3 

Vit. D steroids 

Cholane 

24 

Cholic acid 

Bile acids 















Cholesterol ^15 v*” Cholestane jb*Jj£JI 

0 yj / iji Y V ^_ 1 p j . ^l 7 v-— 5 ^ 

A ,j— * a_> <1— 1— < ^JLp ij ^ J-*- ^ A ^-1p 0^ 

^IjlLI * K-c-y±£; ^Ipj (D) 'Lfci-I aJLLM <j N V j»j j C)j > • j * ^1p <Jj> £ «^->l ji 
fJj dj~> ^ ^ L?t (B) aaLU £, (A) iiU-l jUfl. ^ i^Uil Aiji^l JLP (CH3) 

j o-»l-b ^j—* — -~tt at . -1 1 L-ty ^iLi-l if jj \ h Q U .-i jyZjuj . \ . 

A—S'jdl v^>li!>uii ^-v-j <JbJl o^jLaai! ,J sS ywail £*^L«t oLj J-iil 

li_* J[ 4-iU»^lj olOj ^ fL-ii Am«]Ij Qlii 

0 ^— «* 0 ^— ^a-» t--)l A>bll AjJii ^-1 . (jf tJ ^^ atj 

Jt 4 _»U.^Ij Pregnane , Androstane, Estran and Cholane 
Oh 4 -r* - j J 4_lajl j ^Jp ifj-^ j-^3l ^ _^p v_-5” y* )Cholesterol 

vlXIr jw^r ( (f) jJj ojii> ^ (aJ^T) a p^j*j p) j («) p-ij 


u - 4 ^'j 

i J JJ^/I 4 _jAJLA- 1 C^U-S^ yil sJL* J. 


(j^* **-— JJ 

+* : — 7 ^ . Cholestane 


AjaLI -1 oLS^ ^ il l^juj?' oLS" ^11 

Ob— J uty ^—T Jil 


. JLau L»-J AtvA^ UkS^ Jj jjO-J (_^Sf _^1 ^.*.1 n il £-J» j JLP ^-UlT 

n ^A*iis)l 4 j 3 J J j U i ^ it ^jLiMAif J tjA 

Jjlp Lg-— tjbi> ^ ..mj a -j a 0\ .* i^* - U^ljyU L*( . o-L?- ^1 p 

<J_^*At j (D3) 0-> l A I...V 4 ^p JCS-J A j .«. ‘ . ' 4 -I <^>lj y* j^J Aji^Jl <3 J» 0-iP 0 y.» I 


. ^.b$3l IJLa 




*.k+aa:* 


r^^ 



pis* 9U»«o *c ui«*m»i«»jpxnio-sri 



oi/ jkJ! oiau-i j oijj«sJi 

Jl L 4 JI ijl^y J>\ M s_*yty Sjjbjj^y oLS"yl) %iLU v-TljJI ^ yrf 

C Js'yo'-^* y^ hydroxyl J; — •£ jj^ii U| 5iU»i ^s!* y» £--'y fUaJ 

yf (5-J^C jt 4 _Jb* Ja Ajj iy>rj) £-xJl f.xp y» jJi yf ^ y ^y«-yJ <ss«-i yf Carbonyl 
. C-Jjj— iOl j\ l j\?rjyjJ\S' y* 1 ! ijJb yiU-l v-T yll ^Lp 0 y « ji (^f tesJ 

y»U « yf yllP £— «U«X <J-»t-b yjO— < J.- mS' yS lm j J .'.-.I Jli US' 

JLsifc-i ^^ScJ yf v_--S'jJl ^J^-b 5jiU- <_ff jjujj oi US' . Ulw»( c-«Ip yl Sulfhydiyl 

. Oy iJtjl yf <*U»^ 


Ub*ll UJ*}I iL-yty «w3jUlil jT OiljyvJl a j> ci^y-L*- £Jbuy UjJai U-Jy 

1 t jgj 1 * 4 <^ li y ^CkAjyy. I «— S/ 1 1 • ^ ^aD j 4«*lp i «i f ^lp 

^ y - •*** 4jli5- ^LLL* 4 JI ^Ldjj 4 ^> .-tU tJU yUlS" !yiU^(! ^ytLA-J ■_ -S* ^il JU-y 

5 yi (^f ^JLp 4_>^JL>- Ob^*y *Un^/l >_- S ' ^il J} sU_L?- J_» Oj-^i jy*" cff 

. ( Uo £j* ylt (j (•( liM £-J» yli j y*f £J* y ^ jj ^>y^ 

»_ — S' UJ If— <L-f ^1 p jJly Lf-lp j-iili <Jbil <J yy-A>rl y 

V-S' J>\ Ujlfl ^ Suffix yf 5_jLb j Prefix V-sL oU»^ Ul c£Jb y>^-^' 

(3 £*»Uill y»* .S-L-C- <^l 4_»U»i jj^ly • „A' '-bk (j vt.oli-1 yy>»J^l ^ y ^y-U-S/' 

<oL>U>^[t #JLp ^J> ~aJ vl. -j- jy»«iJl l f .» vi->iUA-l Sji ji-iy ^yy^* j»— <Jy^ 

— J yj^Svil JLykjj^/1 Jw.^/1 _ obS'^ii _ ya-fc^t y— i UUp j*a&zj jy^ill 

f-V 1 ^ y O' jy^ N 4it VI . jJVly - 0-^' - J y-^' 




Modification 

Prefix 

Suffix 

Hydroxyl group ( — HO) 

Hydroxy 

-ol 

Hydroxyl above plane of ring 

(J-OH 

— 

Hydroxyl below plane of ring 

a-OH 

— 

Keto or carbonyl group (C=0) 

Oxo- 

-one 

Aldehyde ( — CHO) 

— 

-al 

Carboxylic add (COOH) 

Carboxy 

-oic acid 

Double bond ( — C=C — ) 


-ene 

Triple bond ( — CsC — ) 

— 

-yne 

Saturated ring system 

— 

-ane 

One less carbon atom 

-Nor 

— 

One additional carbon atom 

-Homo 

— 

One additional oxygenation 

-Oxo 

— 

One less oxygen atom 

-Deoxy 

— 

Two additional hydrogen atoms 

-Dihydro 


Two less hydrogen atoms 

-Dehydro- 

*- 

Two groups on same sides of plane 

Cis 

— 

Two groups on opposite sides of plane 

Trans 

— 

Other ring forms (rings A and li Irans, as in alloprcgnane) 

Alio 


Opening of a ring (as in vitamin D) 

Seco- 

— 

Conversion at a numbered carbon from conventional orienta- 
tion (as in epicholesterol or 3<t-cholestcrol) 

-Epi 



\-S jA ijj Trivial name j\ SjJ’uiJl plr'Slb Ob <Jbl JjJbM <j *jj*j 

bfL* j*— i j U ***JJ • <J W/ • jvpj Of- J* Oli 1 

LJ j . — c£-0 ^ Systemic name bd*Jl b*_Jl 

^ i (^*ijl t ^* ^jl || i«<^|l jOijj , ^>Lb*Ji (JjJiJ^i j 4jb^ 

i^vJl ^jjJl -aL^^I \ f*u<9j 0->ljL> 4j* . ~t 1 4^fc>* 1 JLP-I ^a]1 Am.’fj 

j International Union of Pure and Applied Chemistry (IUPAC) v^^'j 

. N A Y \ ^Ip 1 ^ o_ £ ^ ^ t ol**i** Biochemistry e L*-S^ ii-sr ^ ^Uil jo*il 





Trivial name 

Systematic name 

Aldosterone 

18,11-Hemiacetal of lip,21-dihydroxy-3,20-dioxo- 
pregn-4-ene>18-al 

Androstenedione 

Androst-4-ene-3, 17-dione 

Androsterone 

3a-Hydroxy-5a-androstan-17*one 

Cholecalciferol (vitamin D 3 ) 

9,10-Secocholesta-5,7,10(19)-trien-3p-ol 

Cholesterol 

Cholest-5-ene-33-ol 

Cholic acid 

3a,7a,12a*Trihydroxy-53-cholan-24-oic acid 

Corticosterone 

113,21-Pihydroxypregn-4-ene-3,2(J-dione 

Cortisol 

113,17,21-Trihydroxypregn-4-ene*3,20-dione 

Cortisone 

17,21-Dihydroxypregn-4-ene-3,ll,20-tricone 

Dehydroepiandrosterone 

33-Hydroxy-5-androstene-17-one 

Deoxycorticos terone 

21-Hydroxypregn-4-ene-3,20-dione 

Ergocalcifcrol (vitamin D 2 ) 

9,10-5eco-5,7,10(]9),22-ergostntetraen-33-ol 

crgostcrol 

5,7,22-Ergostatrien-33*ol 

Estrone 

3-Hydroxyestra-l,3,5(10)-lricno- 17-ore 

Estriol 

Estra-1 ,3,5(10)-triene*3, 1 6a, 1 7|J-tnol 

Etiocholnnolnne 

3«-l lydroxy-53*androstnne- 1 7-one 

La nosterol 

8,24-Lanostadiene-33-ol 

l.ithocholic acid 

3a-l lydroxy-53-cholan-24*oic acid 

Progesterone 

Pregn-4-ene-3,20-dione 

Testosterone 

1 73-1 lydrt>xyandrosl-4-ene-3-one 


: & JpXzj* jjJl j jt Olji 

k^j\Ajjj^ ~ o^Ljt - ^jmA -S/' j- 5 Jb lei< jrJ* a J^-J jy** 

t 

J'^^-J, {jp- g~~*. Isomer « jUaJj <J (*— V' ?• : + ■** •’ j « Ap '— 4 

j-i j& Pregnane-3 -ol -J' j-*j *J J.\ Jl Pregnane - 3 - one v**^A' 

L»[ T j»_ij 0j-> j>^\ » ,^-ip OH -M *p- £» Aii epimeric _/■ 
Pregnane-3p- olv^ ^ <^«— ij -1*£ (*-— ,/j (A) ii-Il 

cA{ bl L>t Pregnane-3a -ol T ^ ij Ji— t -t»lJ y^l j( 

. C OH £ <lajl JxwslL l* JUajSl^ 


TYT 



0 



Pregnane-3-one 





T Y£ 


0-Hydroxyl 


a-Hydroxyl 



ja-iit Cij-> o>l ji A, B, C, and D oUU-l 

l j*-> iJl (jwj . v_— >5^ y JuJl£- (3 t»l> lj j J i_.»lj o yliUl* 

£—* 5a-Cholestanc Coprostanol J yli—jy y&'j Cholestanol J y ti— J j&\ 
(°) ®y^ Ciltyj 0 ^ £r^ 

•JL* $ (A) : (B) OiOLU JL*1 xp JaiJLl ^ julUr 

iji ^_U JjIjJLI o L *xp L»f . Trans fusion ^‘1 y £^yll y* a;( ^1p siU-l 

<>-* S-*^' <J — * (®) (*-jj Oy->j£lt Ojj ^J_U (\ ^) j*jj Oy^£il 

x»-y jJJx j . Cis fusion y—> £yM y l-i* (A) : (B) oULA-1 jLuaJl 

3_Jlill <J} Oj£j Lx* Transe £ yll y ij olxyix-ty ^y* ydJlp 

(C) : (D) j (B) : (C) oULU y» of «J» i^V 1 J-^ U J • Cis £yl> y 

cA^S " _,il Xj«rjj ^/j . 4_.« g Jgil oixjyi—ty j (Transe) <^-*>1 y £y)l y 
olx^jx— aJL-JL- j p) j (°) p-jj 0y> ^ ol ji -Lip Transe - Cis S 

uJU-l ^Lp j . (aromatic) (A) *iU-l LfJ jy£j Vr'-yr-V ' 

- 4 Ajajjjo — -ty oLS " JA ^ Transe - Cis y ^lull JA '^S' o^So 

^JLj y£U OjSsi 4 - ene Ji J'y^f x*i . (A) 5ilLi ^!Lp ene * 3 - one 
yiili-i ^L^.x‘1 XiP Transe «— M y Cis *A*j 1 y JjS/' dihydro J~~S”y 

A— Py*^£ XP ^yXjjvluiil ^.S"* y* oL^^flj . (A) I (B) 

v^* s***.} Cj* ^ y -~i 9 ~ (3 - oxo ) (V) pij 0 y^3i o ji 'J*’ « y«r yll 

J_T Oi- *; xaJj . - 3 - oxo - 4 - ene -J' y (tetrahydro) Jj-M*' 

. L> ^ yjl iwiy^iai! C-^ (isomers) C-»LfiLX* A *> jS/l 


TTo 




"an5-uniun e 

brings Coprostanol 


cis-union 
A:0 rings 



trans cis 


j Cis Transe ^ ^ : (B) On ^ <4Ul >1' 

oL_Sii>l (jy Oj£j 5a- Cholestane »— £ ^ O^ s* 

i$ Cis Jt ^j-JI ^ g-lo^l o Transe J ^ (A) : (B) 

. 5(3 - Cholestane 


m 




So- Androstane-3,17-dlons 


50-AndroStan«-3,17-dlone 



Androstaronc 3~Epl-androit erone Et locholanolone 3-Eol-et locholanolone 


( A 4,5) o' ( Isomers ol J 

. (- 4 - ene - 3,17 - dione) <j ( 3 - oxo) j 


rrv 



Biosynthesis of Cholesterol 


» A ^ olUj jy*i 

a_jJLjJI jf+zJj , \j 3 ^ U 6 lijjJI >. a- 51 i^Jl y* 5-ji-i 

oL*ud! L>f . A_*ij3l i_-> L-ilil ' ‘ yA IaI yfi- i j&\Jl£^> 

t^. Vol t j JL ^ y <■!■ i . — ) ^5 n3\j A-i*]l yA 

(j — * o»U y .-.-A j , — *-yj . « J> i.1 (j ijl — iiil 3 oj j — z> 3 jj^ajj Mylin sheat 

A ; - V P-fy ^ jU-aj Ajj^I i3 Ja— ^lil ^ ^1 a( 

. (integral) ^sa jS jSOl aJ' J' h 

^ • • /^l j-a*J\a T *1 • I \ A ♦ ij±-> L> ^j\j<-j ^-LJl (Jjj C ... 1 (y y — *a yjuj 

^j—A A-1 ; L> A ; ■ - ) X > ^)J , ll)L— A <3 (_) ^ ; A< l^ Jit ■»■> < ^-1—51 

1a A.. ^1 - 0 l.» t .1 AJ ^lall A^t— j | ^1^ 

• J Cr* JU-l / V° : V • foil ^ >-* 1 

J J Q *■ 1 AjjC^jl OjJl Aj>! A 

<u \ „X/aai \j (Funji ) oljjlaillj (Protozoa ijjyjjJl) a_Jj^' oLrt jJ-I vfJUi> y~» 
j— J — iiij (Molluska) oU — J ^--Mj (Annelida) a_JJLU j (Arthropods) 
^ oLJL^Jl y_* o^jjdl 0 j^'j . (Sharks) lilx-tj (Sea Urchins) 

•i_^il j aJLA-t A^wJ^ jy*ij • AXjl*ll Oli j^a -L>-tS^ j^lLi <1aJa <L V~^ 

A-? yii jj-j* iilJl. l^ L*^" Olji JjJt (j Jjjji-J y^>- J<r Ajjftit AJal?xil AiUail j 

yA Ji> j\P jSi Aff fc jd i J ^tllj o>!>Ua«il J A..»>: ^ JLaM j aJ^II <3 y 3JLP jaJS^I j 


TYA 



* ^L— if 4». ,.» .. Jj?vj ^*JLWl <>~£ yi.1 J j^S\ 0 j^j l jJii j 

* lil*A lAll»«*J»^jf t)f (3**** 

Androgens (Y Estrogenes oU^j^V' 0 

Glucocorticouds^'^ ^Sw j^T ^^U-l ( fc Progestins ob-^orjjJl (r 

Vit. D steroids Doy'V O MiniralocorticoidsolJb ^ (o 

Bile adds t\ yuall ^If^f (Y 

* d «ls3l AJU^ff p i I c^Ij l«il 

c£j— A- 5 — > 5ji Y Y —11 < y£' tjli— «*[ 0^/1 c-»Ull i j-> £- — & f -LaIj 

j <-i- »li«— xi^/1 a \ A «ii jl— ij *«^.»' Acetate (J l^^ll 

0^-Jj^ll O- <lji jU. /a * ^llli Jw j . ^JiS/1 !■£/*• Y Y S«ipL— C. (Jjjjl— i^^ll 

(M) JLv Ciy.^ j ? Carboxyl carbon </f (C) ^4*-^ 0^^ U Lfi^ .±->- ^ 

. j* j <<-S s*^ Methyl carbon </f 


CHjCOOH 
(M— Cl 




H, 

H 


c 


\ 

c 

/ 




’^r 


m 



: yA jl 1 J-Lnslt Utje (*- — aJ j&j 

y Cijij-f ol y ^ j_aM Mevalonic acid siL; ^L^Lil y*- y ( > 

•j* T* • y s-^. y Ji y*^ y i (T 

4-k-. A\ oLT JL1 y aJ — L. J^U- jilij Squalene 0^' 

. Phosphorylated intermediates ® y— A\ 

Jjf j*j Lanosterol J — - y V J! Oi-l' (Cyclization) yJ-^j *^S\ (X 

• yL- Jj>~f 

J ^y£ *y ^ Y </ jr& <Ji Jjji 1 — Jyi ( £ 

. JjyL— ^ j‘V' v— y ^ ijaji j y oilpl j ^Jjly Y* 

1 ^ L*^t aJLL-J^ CjI ^ laP- <*j jS/1 yiyJLl 

Acetate -> Mevolicacid -► squaline -> Lanosterol —> Cholesterol 

: OU jJU,* J) Jj4 : 'Sjl 

1) Conversion of Acetate to Mevalonate : 

?J>tf t ju-i£ J y Mevalonic acid JJLJ Ja-*- y v^' ^js yj 

^s ia — J y jtj& y Acetyl - co A (A) yy JsW y 

3 - hydroxy - 3 - methylglutaiyl * Co A ( HMG - CoA) —> y-' — -I 

yjyl j> — u,j . J y Lull yu*- y /lii (NADPH) ^ -l y J gJ-U' 

^L— l— L j y Jjy-3 y-Uty HMG - Co Areductase 
. (JjjjL-J ^\sj^ y*l)l y* 4JUL. 1-LJ si>L* _jJLi«il L*JJPj . Jjw 


TT. 




2-Acetyl-CoA 

II 

C— S— COA 

1 

ch 2 

i 

Acetyl-CoA 

+ 

Acetoacetate 

j^CoA 


Acetoacetyl-CoA - 

+ 

/ 

X 

U 

1 

— u 

1 

o 

X 

1 

CH 2 0H 

Acetyl-CoA 

ch 2 

! 

+ 


ch 2 

h 2 o 

COO' ** 

j 

HO— C— CH 3 


3-Hydroxy-3-methyl- 

1 


glutaryl-CoA . 

ch 2 

1 



1 

COO' 


Mevalonate 


Cholesterol 


: jo> : Liti 

2) Conversion of Mevalonic acid into Saualine : 

qa i*z*>\sjy»- ^ ol o^pLisil < ^a^JLT 

^>L» j^r *\ 0 y. £ T • ^U- j£-\ 0*11 y <-r ^ / til 

i j a -*' • j * — » l'j( 6 mevalonic acid -» squaline+ 6 C02 ) 0j> jl— S i 

S — ^ j* OO^ £j> £* (ATP) -M ^ ob r aJ*-1 

i^S y J isomeration • j — J* aJ 3 - isopentenyl pyrophosphate 

0 jtJ? olji o ja Oy P >J^ij . dimethylallyl phrophosphate 



\ • 0 y cy head to tail mechanism JjiM J[ ^ J>\ *£^\£s. 

Sk — \ jj j^-^1 <_~S ' JS j»i — S^jj geranyl pyrophosphate p — — y» «J»yy Ojj _£ ol jS 

o»U — -yjjo i' ^ £ — • ( J—o J-i* ®j— k* 

j*— ^ Oj-h ^ «jS> o y_ 4 '-*£ j— * k isopentenyl pyrophosphate 

Jbl-& »i»a_ _£ I j Famesyl pyrophosphate o»U— - 
— Kj s — ^ 0 Ji' — -Jt s— ^ .A 1 u- 4 Ov\r^ Reduction condensation 

. cyclopropane Aik- ^ <j Presqualene pyrophosphate 

. (NADPH) 5k— I j> squalene Jvi ' ^ y _ Ail a*j . 

; a-J^| 1 c^klidl lilir j) ^^SoCj 


(A) 

COO' 

I 

CH, 

I 

HO— C— CH, 

I 

CH, 

I 

CHjOH 
Mevalonic acid 


2 ATP 2ADP 

V- S 


COO' 


0 CH, 

II I 

‘0— P—0— C— CHj 

1 I 

O' CH, 0 0 


CO, 


CH,— 0— P— o— p— 0 


O' o' 


3-Phospho-5-pyrophosphate 
mevalonic acid 


COO* 


CH, 


HO— C— CH, 


ATP ADP 

V- s„ — 


CH, 0 0 

I II H 

CH,— 0— P— 0— P— O' 

I I 

C O' 


5-Pyrophosphate 
mevalonic acid 


CH, 

1! 


CH, 

| 

II 

C— CH, 

1 

' 

:C c— CH, 

|| 

1 

CH, 0 

0 

CH 0 

1 II 

II 

1 II 

CH,— D— P— 

0— P— 0" 

1 

CH,— 0— P— 

1 

1 

0* 

1 

O' 

1 

O' 


3 -isopentenyl 

pyrophosphate 

(nucleophilic) 


Oimethylallyl 

pyrophosphate 

(electrophilic) 


m 



( 0 ) 


HjC 




CH,— CH,— 0— ®— © 


®— © 


I 


Isoperttenyl pyrophosphate (1) 


H,C CH, 

C=C 

/ \ 

R H 


"V* 

PP, 


HjC *CH2 HjC CHj 

\ / \ 

c=c < — ► c— c 

/ \ / \ 

R H R H 


Allylic substrate 


Ally 21c carbonlum ion 
resonance forms 


CH, 


®CH,-0— ®— © 

CH, 


^ .CH, H 


CH, 

/C. /CH, 0 © (?) 

CH, H,C 


R- C ^c- CHl H 


Condensation carbonlum Ion 


Geranyl or farnesyl pyrophosphate 


(C> 


♦ /i^o-®-® 


®— ® 

, 


1 


2 



o — ® — ® 


^Jv^/0 — ® — ® ® — ® 

1 V ^ ■ 


trans-Geranyl pyrophosphate (53A) 



0 — ® — ® 


trans-trans-F arnesyl pyrophosphate 


rrr 



^, 0 — ®— ® ® — ® — 0 ^ 



Presqualene pyrophosphate (55) 


®-(p) 



NAOPH + H 4 

NADP 



Squalene 



: Jj* : tsJlf 

3) Conversion of Saualene to Lanosterol : 

‘ (Jl 


Squalene (56) + 0 2 



2,3-OxidosquaIene 


4 




Lanosterol 


2,3 - Oxosqualene ^ ,y E.E.Van Tomelen o^ -LiJj 
— ^ £- — • C->) oJLa fjL-Jj . (J L-Jli 
Y c 1 Oj-j ol ji Oh •■». >*■ ^ j^ rL -4 ; Squalene epoxide 

•jj OiP caibonium ion OjJ «ii3i O p Jjf 0 x~S 


TTo 



> > C \ * Cij-i c-»l jl> Jy{ j>r jil Sia^l ^Jl jS\ 1 jyij JjJ 

* \ ♦ |^Jj o^— J *A IP JbJ^> ^ 0^^ *^*^-*J A-J liM . ♦iljj 4^1; 

0*1 ji o j-»J* vti-Ji £.~..—>j .0*1.. al>- 5 — *4jV^ &IJ& r^i £-*^1 IJLa 

^AJ JjT 0 > £ i NT j*-»j 0 ^3' o>1 ji ^JLp methyl carbons 0_>* _^3i 


: Jjjo-J £ J] Jjj*-» ji^Ul J-tf : Udj 

41 Metabolism of Lanosterol to Cholesterol : 

*■^■'1 j—leLr- 4j*>U Jjjt 1— JjS" <J JJS 1— ^J^AM ‘j^-i 

: — * (Enzyme catalized) 

( t ) f-ij Ojh ^S 3l 5 ji JilV 0^- Oxidative removal h j ^'ji ( \ 

• O *) ^^3' °J* Ji^V 

. 4j*jL> 7-1 d— JLJl (Jj Y t pj J O^* j^Jl J^jl dad jll cJ\^ >1 i (Y 

(i 1 ^jjii ^ J'^-l (T' 

oLpj-fc^- w«US' ^131 (J 4 j>w> ^ ii 

. (\ £) j (t) fliji 0*1 ji ^jIp eijwjAl 





jlip \ . oL*5^ * jl jiAjili ^*^^-*1 »L#J^ 

4 i » \£jt\ .iJLJi • 4jftlz?xJkt ^ 

Juit (j i_»w> ^1\ *^^p\-jidl Jii j , Jjjw-J ^£U ^juJa3t l uJl*xiU ^ ^ ^ 

• Jl (Jjjt^ jji J > *^ t*A^J 


rrv 




4,4-Oimethy]-5a-cholesta- 

8.1*-dlene-30-ol 


*.4-0imethyl-5a-cholesta- 

8-ene-30-Ol 


4a-Me thy l-Sa-cho lest - 
fl-ene-30-ol 


R 



4a-Me thy l-5a-cho lest - 
7-ene-30-ol 


R* 




5a-Cholest-7-ene- 

30-ol 


R 



Cholest-S-ene-30-ol 


Cholest a- 5, 7 -diene- 
30-o! 


Lanosta - 8 ,24 - diene - 3 B - ol (Lanosterol) Jai Lb4 j jw 


YTA 





Role of sterol carrier protein : 

Vi . cli' 0^j>iU <ijli ^ 

SquslcnC J* CfiJ^ *^*i <j iLli j\P ; ^aJ ^Jl 

JjjO— J £ ^ ^_St gJi o W ~ i jJ juJj 

J>U-1 Oy’jJ^' I ft'j t—aSLa*- i/ii' OyjJ^' dr* tiS *^°V 

3JL.Ltl oLiJjjJI ^ *5% J jf- ^J\ Sk \j Sterol Carrier Protein (SCP) 

I \ t • • » Ol jjl obj 5 j\ ji-\ (j Ljj\-1j 

dri^ 7 dr* £_lr~'*^ CJ-*iJ (SCP1) Jj>l— 5U J>U-\ (> ) j^J j Cvjftt (\ 

. ^5" Ji 7 hydrocholesterol Ji>£ v) ^ u-d ^ Vi ^j^')/^ 

J ij^ <j ^ (SCP2) Jjja — (T) («-*j (T 

. jJl j jj-> ,_rd ^ Vi Ji 7 - hydrocholesterol 

J-Hj* j fjV (SCP3) J*U~\ (T) r-ij uyjj>-H (T 

Polar precursors _^U iJaiJl ^VUail ^1 4,4,dimethylcholest -8-ene-3p-ol 


m 




,j w a«Li*i.lj Si .rli oljullli <«uli ^ .» jfl) ^l£ji (J Jjw-J j^vil y---* 

£>L.l jl jj>\ J jl J ; 51 3 _J ^j-P 4 _srl JjjU-J ^il J Jula j frULill 

• JUl !•* , ^»*!5s^51j 4 « % t.'-j A1 «X*^)1 (jy s^yi 


POOL A 



Fecal loss 
(bile acids and 
neutral sterols) 


Dietary 

cholesterol 


Interchange 
* 


POOL 9 
MOST 

EXTRAHEPATIC 

TISSUES 


>25 jl— “*-■ ( J — i . j»— *^rl 3 J j y..J j£}S ^**<1—^1 jU> r>l l c 1 Jl »]1 (J jji*-**5 y jy*i V j 

»A . j*~ ■'■3-1 3 3 j V 1 l-i—fc (^r -4 /. *1 * rj-** 3* ;5 j -i — »5ol j 4 .«.» ^1 al ull 

Aji_^*i - -tj^li 3j^i i}~^- " j* ««*. ^ ri fri vj pi 3 | » • •* 3_y j l **** 5 ^^ii 

(j — 4 '/. ® * i T • ^ — Lp c^-A-l I -La j-^j cL*-*S/l — (Sj - *>>-1 v*-i-51 ol — 1— *j^Ul - 
j-> */ V • : 1 « ^_Lp ^ ^'Wl * ^-l L.f . p-~3rl> 

. ^viaull jLjJrl J olAJdi Os. -J'illj uLL-l 3 jcss*3i p— *3-1 

4- — 'J> Ajjy\ ^Lp Sjjjtiil oto' jl&I 3 J J 3?^" »t*> 3^3 


n. 






iSjJ i' — p-Tl y «* ^-1-P tii—ii ^ • ; : > ~ (J^ (3 

HMG-CoA reductase (*j y\ ^. : . A \ Feed back mechani 

IJL-* Ji-**i Cil ». .*!lfl jvIhj 

t ij_i)l yji *)lj . t-L* j^Ij jt ^-Ja. *J <j ^ilaiil 

'-L> ,5-0^ jj— ^ K - J '^ JJS**-*^ <— (jJbitJl 5JLfcP j» ,ja:7 ^Lp » 

t/*^ - JS^' ^ J***- d ®jy^’ j^>^i Jj 

• w^i SCP (J uyjj^\ yji • iS js^ 

<jO cLjjl LJLj Lj^IP-l J_^vll (J Jjt~ --i j^ (j} jjjillt j (j ^ 

^y-U- * j~jJ^ J-^' • (HMG-Co A reductase) *4t — * 


I (J jJjM (J LL* JL^it J (Jjjgl— i <_£ (J-L»> 


(/ ^ tj-Udi J. 

*** cR?**' 

<J jt^ J- 1 *-* 

o' j O j Cs^ J-^R 1 

Hypophysectomy 


Growth hormone 

0 y j*> 

Diabetes 

iS J jJ' 

Insulin 

cAf-'t 

Glucocorticoids 


Thyroid hormone 

iJj-Ul j* 

Glucagon 

0 

Chatecolamines 

£J&>\ 

Estrogen 

us 3V J>-*'T 



Male 

ijjf ill 

Female 


Fasting 


Feeding 

4j Jjtlii 

Low fat diet 


Dietary fat 


Cholesterol 

J 

Cholestyramine 


Bile acids 

(.1 ji~A Jl 










j£)S J$ vi-»L5* r yli oJl* ^JS"* Jj«3 

: ^ w 

Sodium p-chlorophenoxyisobutyrateand Sodium 2-phenylbutyrate {&? JA (\ 

aLa^ aJLp ^ l^JW-U JjjwJ (3?^ V-k Clofibrate (*-** , t >■— 

. (Co-A) A jj yil Acylation 

Czh l* 3ikdl ijs- jJldl ijjjb qc- jjjt Benzmalacene JA (Y 

Femesyl pyrophosphate and Isopentenyl pyrophosphate 
s — ^ (cyclization) fc— IL» <-Up o c ! — i£j SKF - 111 <- — f £ — lc (T 

2,3 epoxide of squalene 

— *\ 22,25-diazacholestanol *- — T MER-29 <- — f JA j— > J-S" £— ( * 

. Jl Desmosterol 


. JjjwJ J i 7 - hydrocholesterol J ^ AY - 9944 v^" ^ ^ (° 


nr 



Biosynthesis of Steroids 


OU^I J ) *: ■-'•4t iJLil' (Jbjjity ) 4_J5Al JjJ iJLfir i J _jJ 

y* — *->- i^y^~\ L-fJ j »— j ^Ji (jj ^ ^ tj 

— OU-= orjjJl— Ol~rjj — v’VI : j SjJb jjO — ol_i y jk\ 

yd y* ySJu ^Jl a*, .vi l aJUj^Ij OUjj^-JjjIT^JI^JlI - 

i tl ij T (^ oli c^ s ~ JU -J tj-i j" 3 ^ i,/a 4 


j 5j Jj oli y jbh y* ^^ob-Jl ^ ...*11 (^ JL^ll^JlUr-l 

y * £\ Jl .^JS' yi\ ,» .—all ^Jlj fl ^ i.sa\\ ys\jh-\ l_*f . (D) ijyLj-i yj> .1.7 

JSL-lJt J_iCj . O—SAl j l^aJU^ ^y>j* J?bJ A^JLiil 1 

. a^j ij J j oLJ ^ ^y> a:..^U ^ ^>-1 JliM 

S ^ ^ l-S "—'l J- 3 ■ 3 -' — 13 Oi Ol— i ^ — C-yPydj (C) — ^ ^>-1— ) Ajj^ill 

jJUtJLi (S) l — A jA-Ij a] jwl JLoa 0 y y {£ <Lj *-Xp~ L»? t*f (^Jj 

. JbjiSO (A) t (T) t b-xUl (P) t (0) c ^l£l) (K) t x£ll (L) t 

Cholesterol CC— 27) 


7-Dehydrccholesterol — * vitamin Dj — * 25-Hydroxyvitamin 0 5 CC— 27) 


A, 0. T, P 


(C-27) 


(C-27) 


Pregnenolone (C-2i) 

J A. 0. T. P 

Progestin* (C-2IJ 

(progesterone) 


1 



Androgens TC— 19) (testosterone) 

X 

Estrogens (C-1B) 
(estradiol) 


i* 

1.25- Olhydroxyvitamln 0 3 (C-27) 

24.25- 01hydroxyvltamln 0j (C-27) 


Nlneralocortlcolds CC— 21) 
(aldosterone) 

Glucocorticoids (C-21) 
(cortisol) 



: jjJl j <l>jJ ji~*r jyU • V y 

1) Biosynthesis of Pregnenolone and Progestins : 


djjc — Ji p-5 Pregnenolone J j-i ^ Ji J 

5jju oU y J>\ y* (\ — 5 — jj & j*zl\ o*l jiaiLl y Progesterone 



Cholesterol 


<22#)-OH-Cholestercl 


NAOPH NACP* 

V S 



MAO' NADH ♦ H' 

V s 


(20/?,22ff)-(0H)j-Choles teral 


Pregnenolone 



Progesterone 


cr* <J jL+~jy\ jJ ^JL Jjj\ Jj jj±Z^y\ jA 0 Jjjl J 

* ^y^eAlj |^> e* 





: jjS' j )\ jultj ja j£l iSy^~\ j-ktJl : '-jtt 

2 ; Biosynthesis of gLucocortocoids and Mineralocorticoids : 

( - r £*f \^S S-iCit J jJ ojJ- ojLaL^: — ♦ ^ i O ^ ^ Jjfi- f -U) 

<Liia^» j 4 _Jl$sJi J #J_ii C-»U t j*— ^ J \My~S 

jj £ £ _^Url L*A C" ^ ^ ^ ' <>* J 

L-jklilT j Glucocorticoids and Mineralocorticoids Subclasses c~>\Ju 

* A-iLlli ^Ji 0 U m j p A. — •*» ~^ -l> jz * 


• (^) (►* J 0^? J’ ipj-k>r (_£' 0X0 ^ 

• ( ^ ) (*-*J ® *- s,r jj *-2?' J (^ 

( \ V) <*-» j Clji » j-i ^1 p i J* (^ 

* (^ * ) J»-*J U_7? * jA ^U- 0X0 i jH*r J ( £ 

•( T ' ) r*j ^ J*— *j*-j ( 0 

JjS/' J^*-^ Jj-V* C/VJ^ (^ ^ (Ji 

Ojl-ij j£~ijj £' ^ \ V) j*J j Ojj * jA ^Js- ( 'i \ )(*■* j ® 

^ IP Ju*Q 4£*jj*jfi; ,^ip V' ^-AJ LJi <. oU>^b 

. ( \ A ) Ojj » ji ^Lp (CHO) -J-A-dl iPj-v>T ^Ipj ( ^ ) (*■*-> * j* 

4 (Zona reticularis) 4 -x-jJl iLiaJl Sj^M jy i 

#^-ij>M <j~*J * ” *** ^ (t£ olJbjjw* 1 ^Lj^| iXy')|l 

Dehydroepiandrosterone , Androsterone ,4 - androstene 3,17- dione,?---' -Si' 

o^L»- Joju. j o»U_v* ftijo Qi j£j J-u- - androstene 3 - (3 diol - 17 - one 

J_£ ]ff S^/ill f'jjSl' fL-ill Jl^ij^Sl' f' jj' 

0 yJ j ol ^A\ jJLjt Jlii' Jifj. (Hirsutism) 


rn 






: OL-srjj-uSU ij j-bxJl : IsJtt 

3 ) Biosynthesis of Androgen and Estrogen : 


0j-> J* A ^ ‘—ij^ 1 _/<* jr 0 

O-i” . 4 » ..» U ^ (J^wa-Al j J} ^ 5 ^ jjl j ^ 

j >J^>\_’ ; ~>r t*i J . 4^~PrjjJu\ t^->\j\_iU ‘ * J ' "1 ^jhju 

: Oliil 4_r>)l 

( N V) 0 ^ £ {j* ^ a_jj sl.^l.^ i i v-ji^ 

. (> Y) l (f) fij 0 J?rj~S\ Zj*rj (T 
Jj Jj V I Jgl ■..»'!' IjWj.jg 0 ^Izlt <_J jwj 


J* l^_k>Lw 4^r-j£ ‘ ■-■■->- LjjljJ 4_J 


V_~S”" p-*"! 

(7.) -OoUiJ 

5 - dihydrotestosterone (5 - DHT) 

150 : 200 

Testosterone 

100 

Androstanediol 

65 

Androst - 4 - ene -3,17 -dione 

25 

Androsterone 

10 

Dehydroepiandrosterone 

10 


i ^ ^ f ‘ j J ■ ■ — ■ 1 i >, i J 4jU ^1*C 4 

: U*j j jJ' 0 r* 0j>^- 0 j^--- Metabolic pathways 0^4^ Oy>i y* *y~j 


Xt A 








S pathway 

Pregnonolone -* 17 hydroxy -» Dehydroepiandro -* Androst-5-ene 

pregnenolone sterone(DHEA) 3B,17,B diol 

4 pathway 

Pregnenolone ->• Progesterone ->17hydroxy -»Androst-4-ene ->• testosterone 

progesterone 3,17 dione 

4.1a ^ll oL^S'' j\>\ J Ljajl A l l! d«LA ^ Jiij j 

tiJLJij ( 5) ( JpV. a: 11 40a-*- ^>1 4 j Jj ( 5) ^ 

y*£; ^1 j 9J yPr- (T) O _»J AS-ym^r oU-^.S^'l-; 

£-* (3 ft Steroid hydrogenase) Lo SJa-lji (oxo ) 0 y-f 

( o 1 1 ) 0^ (*t t o) Oy Cv *■" y*" ^ *joj} J h 

. ( 5 - 4 isomerase) y,y\ *k~-i y 

j-a Ijy-^a . jl j-» 5 dihydrotestosteron (5 DHT) <^S y\ O' J-oyj 

<j} IJlA C?i Ji~~i W^V'iZ-dl y* . 4jJ yA jb>\ Sjljlijl 0>li 0 i 

. L^LO 4. : l viJLiil C— J jJUO J 4— »a3-l 

5 j—**} ;J tii Ji-Ai A OjU^I j L»1 

JL>yai' O' jXj <jl 'il ( 4 , 5) yA JS” SjauJ 

• Lf yr .,rt 'l LtS' l/uJj ^J aJl iji; ^Uwb^l ^y iJ 

Pregnenolone —*■ 17-a- OH — > 17a -OH- -> Androst-4-ene —> Testosterone 
pregnenolone progesterone 3,17-dione 

; ^jL Lk-i oh~w-jjJj5^1 jOL>Jl c/>UU; yy^> 



Progesterone l7-Hydro*y- Androst-4-ene- Testosterone 

progesterone 3.17-dlone 




I- 

X 

o 




n 

x 




To 



j Cij> £ \ A _il oli CjIiop jO*j j 

jJLjtf- L-i" ftl j 4 j « ja y.ll - &i 4.) a -~*\ e-\j—^ vi>U^|l ^iauL^ j 

L^T (3s^ L*f . 

estrone 0 j>— *V' u- 4 ^ ^ cfi*- 

. androst - 4 - ene - 3,17 - dione J' j* 
\ o'i/l olfl./alU 3.... yjl 3^-lJl ^jA J\ j j IJLa 

\ ^ ^-* j 5 ji J-Si ( \ 

. (A) <J\ajJ 4j»Jj»- 2j?rj (T 

0 j> £ ijyjj j<* <; ^£11 j \ v j*ij tjj ^Lp oj ^> r^ll tJL J . J t 

5jj ^U-j 'Y j f j^ij j* JS” ,^p (* 

' • Vt aJl*- j n j 

otT jil { Jo * J 3j ^jJlp jj*"^ JsUxJl ^ j 

o»L-r ^1 ji—^j . l je-fr o-> diethylstilbesterol — 1' J-^ 

: 3«..kll U <L^Sr (OLS"' ^1 ^ ^ 4-J^I ii^il 

Estra - 3,17 P - diol (estradiol 17p) 

Estra -3,16 ,17 p - triol (estriol) 
estrone 

* U j. • * K*^?r iSj \~£‘ ^ll ^ ^.1-A.rli 4 jL) ijj'i/l OJ^LpLilil £*-*0 jj J 

• 5 .iJiI ' ^jJlp _ L$-J V _ tAjjji jJ.Ut._H. <UliM <sj\S * jil 0^ 3ji*-^L» 

. j{ U.T.-.1I v^jU-U 3U.7 ^ 



Estriol 



YoX 



j£)l Jj J 3X_i 


«• 

4 . 

Adrenal Gland 

: 5*ui) 

•jLjp aop jt (Suprarenal gland ) sJKil J y Sj* UuT ; j 

■.jk-L*- «W— il— A-l ^lp £Ar ^ £jj t y 

4_JKJI J y oJI kiJUii ^i£3l t Js- Ipi y .J^bis j . ^yi cL^iil 

^-Ipj . sJl 5 _J^Aa ...Jl 5-jJrt ^Lp <*>1 siJLU 0 Lfc.:,.; ^ yi jy \J 

_ U>JL>- A y&iM yl>lpUaill (jj . 1 —JjU^I I^->U\ yr~ (j \jkys y 4j^» jJJi y JS 

j~* j-*£- j-*- T ej-*-j (Cortex) a^-xSll y l Jy y y-*-* ^UaiJl y t y jXj 

<j ioill c.lai> lil L»l . <_£ yjJl j «Uu yy> {jj$\ (Medulla) y » jy 

^-i j~*d jJL_y L»T 0 ^1)1 <uaI> a j-Ljj _ bbjj^r ^ ^—>17 oli *j 

( Chromaffin reaction ) JpUiit ^..b- JJ il* e^U-Jt 0 ^ 

L*^ . aU^>- <j ( CjU y y — L^-t ) ^jJbjySll Oy y Jy^i 

. (Ferric chloride) JJb.XijJ-1 <*-* ' y 3 ^ ^ J 

<...l.TaP i_J>l_jI ^JLp iSy£ 4^y" iJ y ~~^ a-iill Jj*- yj 

. ‘J -l ... Tai l .- ’J ' J} y—AjtiA j_Aj ii j . <\JLU 

. aj Jay 1 Areolar connective tissue 


£• j'yj . aJj)l Ojij t_ill97j 

i ^»P Ajn i».i<ait OjLJI ^ jy- aJL^- L ay , y £- 1 O^lil . a! J l 

\ • : ^ Ll £9 a i y£- 0 jhl iw ixJaLL* 0 L«aJ 4 (j AJLailj Aj^-^il i^jUI yJ-l 

V * <J 1^-jj • i^ 5 * - ® *1 ‘ Y A tjj jjj j*— \ jO l^^c - j < i i X LfJ» yj 


ToT 



Posterior vena cava j£ Lf^* v_jUrt jij 

jj «)a)' jj . S_i£D v_JLjM ^ — Lp jfcSJ 0 ftl jjLs<3 3j j L . 'a .j oJ^lli J bf 

. 0 jJ ob j 4^15* ,^Lp ^j»j oLiaO-^ oJUill 0 

1 4_aJLljs^«_L\ I^JLj j>Jj UjijPrl 4J Iw! ®JjtU Ljdtjaj- Jj L*_jj 



<J ii »-uSi ^ 5 <Ji ) (Medulla) 

(Cortisol) J j>j* (Aldosterone) Ji> Zj-Ljj^y ol‘ ^ ^Al £-bl 

oU^ y> Ji 5_JU>^1 j (Dehydroepiandrosterone) (DHEA) j 

. Oil y> jib tilll) ^juJall ( _jJL>xlll 4. J *.«i 3JLi£ £<1 ji jCtu ^ jd 



o l— « ** j j . 0 ^ Cj 4 , 3_ 

. (Norepmephrm) j ( 


: Zona glomerulosa Ukdl (> 

* *.}rr.A* fljj «-u» 4 j j\__«-P 0 . 5 ii j 

- jJLj L* ^jIp « iSla'.Li «JLa ^^ICj . -U» Lp j( 5j (j 1 j 

Oli yA 4. .ila'.il aJL> Ja-J jij . KyjX-\ * aUtll L^)Ui 0 4a]a> 

Ojjsi— T jjjjJI (Aldosterone) (Mineralocorticoids) — )' 

Salt - retaining hormone O'j— ^ ^ y yU ^aj 

(BL) — j ^c«xpljdl tL^jd] U Afij. Ajjd oJaili 4^L>- * -^* y 0^ ^1 j ' * ^ *j 

(SER) —‘ 4^-pLii o L.y'x Dj (M) -? iS*j 




: Zona fasciculate ^ UkJll (Y 

.m,i)l Sjaltifr oJL*pt J} tw-JjkJ t jJLoM oLLi» tiXc^f ^Aj 

*1 ^_» (Polygonal) >1 jj_^j , 5 j ^*jJI ^LjaJl 

^ law* 5j^ C»tlj-JaA 4LA JLm- jJ olJL^UU 4^ aaIoJII «JLA L^b 4 - j , aJLoj 

t«LA j|j cpjj nil ll qIji iwi»dl ^ l^( . 4Pji»flii jjiil j) A ^Jijdl i|) ^Ut 

L_Jajf 4 Slalil aJLA jLlf j . 4_Jji-l CjLpI yi a£~ j\j J jj*j '~r > J^ 

—it • j— *L> <JiaJLl viJUj Ji\sjj . (C) ^yU-ij JjjU— ] ^I p 

(Glucocorticoids) c^l-b ^U-l jyUj dj&j (ACTH) 

. (Cortisone) 0j> (Cortisol) 

(LY) -J j* ««<f 4*4^ 4 4^3 >ll A-I>- i. 

_j LjjJU /■ ^lIIj (LD) » 4 .-i.:.m (LPG) ^-Jib * ■.U..-»U c->L~^A-l j 

• (ER) -j j (SER) -» S-pUI j-^V' j(M) 



ToV 



: (Zona reticularis) *■ (V 

SaU-.U aJjk 4;LiUJ j ^l>dJ J*-UJLi 5 ^.U aII k yo\^* 2jl^j -UP £-aJj 

4 a la ill 0 j-^jj 5_Jli5l ( j_> < J_*1 j ol«t ...1)1 4-— J 01 N1 iSiaiil L^ls- 

(J £ j-ja ijL-.a- 0JL?-lj 4- ; fl.jjj 0-U>- J 441 t'. 1' 4-^-ijl 

(Dehydroepiandrosterone DHEA) 0 Jl SJL^L (Cortisol) 

Jl 0 ^-4 4 !. ! , ♦ o>\ *»£' j c . * .* ^ ^p 4jL«p _y^j) 

r .laj.4 -Li! ^ Jji-Il iJLuJl iikdl b!>u ^1 4^>-l UiaJ.1 b>U (ACTH) 

jf 0>1 £-1 1— ^.U; 4_S"jlJ ijv-*-* JiJ jj_ <•> ^4 44 ja~.ll oJL* . iU->l-U Jjwx^l 

0-U& -X?«tlij . 4JUaiil l-jOl 4>iLa]l 4j jil t^tl^otUull 1 j;* ' j •-■ d-UUp 

l$J 4JU2jJ.l fl-L* b^b>“ j^»Sj J . 4^-U-Jl 4 jj>-X)I 4-Pj^1 

. <ekd' b!>l>- (^i £*) (Lipofuscin) j * <*--34 

. <-^>ljUuai> t '^l i j^ u 1+?* b^plj 4jaJaji 4Jb» i >„..^* y Cfctl j 



ToA 



b^UM yajuy AUUxlii b^bA-l { Jom j~£ u^*'- ~ ^>r~^ 3SU-.^U S-iLiail J 5 j 

j?j Cr £s_ l-t Gjjjw* aJolIx^ 4jli ^ t 

0 J— <aJajJiI dJjL oJUUJri 0^ . 0L*-ty y UU »-l^U;..^ll <Jt >M . 

|fc - 4-iT^^t ^n l aj a ^ l i ^tidl (^v Ia*I 0J b^ba^ii (^jj^ pLi ai^3 

IJLa . iliwail jl^-^ S~y 4JI SjLi^l y Uit SjJJj iiuai b^bi-l ^JLiii 0 _^' 


. <JLL>xli\ b^bi-l J.11T jl 5i y'^jl b^b»*l ^ _ 
Lii Oi-r^ Jbj^l S^-ii L*!>U UUJ i>* 1 J 1 ^^' o*j 

^>' 4 ■,!* o »> ^JLp 4 — »Ll 1 « . m >j <JL^j9 Lj^ju £ ^w* ^_Lp 4 al-«:li Lj^L>» tl ^ * *^“1 

jWLi4 ^L. j y^r yl\ ^_p juJit- ^aj ( Lammellar cristae) 

. S-^Liii SJaia ill <j l^d.jL* £* 4~*jX-\ SiiaJLt bjJj J* yy 4>L XJj . 

: ^btdU ^ jl^-l tw-gSjJl 

£^b— >uiil -^)j£zjj , U ^Jij) j^jar*. 4 Jjp (jLuSJ^ 2yrJ & ji\*A 0 Jbc 

Venous sinuses Su^l ^ ^Jrt J y- IfiT 0 * ^ ^_jl y-i »a, .»:ll b!>bU ^ ^>U- ^ 

Jp L^:ll ^.ia«7 ol ...J- ^_lp Lib i_J>Lji) 4_*P-U o-il—P J j£s ^il ^b*J' b^U- ^ y>- J 

OiibjijiS/1) o>U->V 5i j-e- ^_il. ^jJl Chromaffin reaction ^L.j^il 
Lj^bp *A-»- (3^ L^A ,«;,l! Sjj!t. ; >.,..- 11 JbLtit y» yj. ^£xy.{ 

CjLJb ^ii \ J ij3uAi\ Sjjj'iH y* b^?“ ijy ~ r Q]ajj.4~ r £\ ^Va^lii 

y. * il-U-l J j^lp 4i ^li-l b^bb-l JL>r y «. v^LjJU^f 

• 0jta jdj yi' ^1 p 4j J^\ Kxj\Ay^\ b^Ai-1 jl-tpt 
W^^ii (CC)^J^ J -> yj . ^Ljn-v)I <j ^UiijJl s-*^" y 


Steroidogenic tissue b^bi- (ST) ^^-*Ji (S) j^j 


r«^ 




^ ilJipLj ^JLp \j yi^-\ jJ*S\ 0>tjU jj _ ioL)-uil j j 

, JjJUjjil jjA l ^ip 4J j &- 1 4-ijlo 

^ j ^ j ^\ ^ Jlill J^' J ^ 1 tK? 

: ^ kj£' Va^jj^l U2-I : *tfjl 









. £j~. * ^j±-> aS”" >- tII 4-j^ii-l o>l*--.Jl jojlaII 


j£_S""f j f l_^> ijjJl; ■«< y *iy^ *•' ~*' b$-ib j^^zj j 

• ^Lp o*L— J-l {j* JOJjtit ^Lc- b^bM <JM {jP^i j , 'i'"‘ y^^ 

SLJLilj X^3l J ^iuLilj j A^i^jt J} Ljajf a.*..»L»j^^) 1 b^b^-l JiPr jjj 

L_i <J~l ■ i.- l lj 5 — ~L> 1 <j b^ji-1 £jA ^1 jj^/l «-La Jbr y LS" . <t _j*il AjJjlII 


. (Chemoreceptors) v'V^" l^>\^ LLl *j 


y-^ Jl ^J^-iJl ( \^.J . tjjIbjjJ^ilb ® ^bdl b^bbl J-^Jl jCju \ 

tfL-sJl ^_aJ (SER) J Ji-^ . OilL _^b S^bU JuSOt L£U ^ aJUL j_Ja)l 
f^-*'**^ (G)j V* A^bii! ^1 J* £*j (CG) -5^J A^plJ! A-Aj^bjJU^l 
• p— (Mb) -b <ij' j*~*> v* £*> (BC) J'j rj -.^-JJt ^aj (LY)j 





riidimtaoi 


.Neural plate 




Neural groove 



■■ ■ 



Neural crest 


Fused of neural 
crest 

Neural tube 


Neural bud 
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Prirait ive 
ganglia 
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m 


Spinal ganglia 
•Chromaffin body 
■Sympathetic 
ganglia 


nr 




r 1 

<-> sJL a^» JiaJ Jj ^ y ,^j (Neural tube) 4~-a*Jl 5 > 

(Neural buds) ^ js-1' ^ £jj a* Lij* <^iii (Fused of neural crest)-!' oiJ° {j* 
a. it * a*W oai»lL» j-*i L* 0 (Fused of neural crest) -1' j* J-^iJ l- DU ^ ^1 

^ w»i vi— -j- 4 Jl aJjS/' A-.-a*!! 5 jL»* 3\ .ll (Primitive ganglia) aJ jS/t 

4_J J^j\ 4-LxnJi (_) T_aC.\ >»T J ^UJL‘1 j . J_. /-s«U a* ^'U- 'Js- jJUi JL*j 

uf ( Chromaffin cell body)^ ^ ^bU p— Jrb \-f> JjV' O'— ^ Dj^o 

tjJr' 0 j ( Sympathatic ganglia ) aj jl±~. — 11 oJi*ll> <J> yui ^‘till 
^ ( Chromaffin cell body) jl <^\ ^Jr\ $j . (Spinal ganglia) 5-T j^lt 
. JUjiS/1 l-f» 0-->- 5 j^iil ^1 Atj^' -Jij* 

5-jj'^' J j-*- jil ( Coelomic epithilium) -J' ^ Lxui 5 uT 

. j-flall lijULt j A— JO oJLmH l ju Oj 


: a.l All il-L___j»*il 

• v^' o y' .z*^' c>* ^ r-^ 


Abdominal aorta 

<S M 

0 

Superior mesentric artey 

^Uit Ol^jJl 

c 

Gonadal arteries 

a. ;J-1 JJL_ill Oi-^1 > 

r 

Renal arteries 

A,j Kit ^ulj iJl 

(* 

Adrenolumbers arteries 

4- Ui 1 D' *1 

(° 


-A_jj^ll j-* ifj-f" y> j •‘-oj j s — “s* ® J -*JL! <^a_jj^ll ^a_Jl uf 

^ — oj (Adrenolumbers) aJu^S/i a . :1a S i t j--* J* (Renal vein) 

inferior vena cava Jo^il j 



! j*— » jilj j> j+aJ 



: oJ *JL! ^ajJl jU___— i^fl 

L -.,».l p 4 } jJU i^b dJ_ *JC* JftP 4*;»/>P OjZlZ> ^Lp <5 ^ 

ij Jip Lj>U- (/ j — ^ L*5" Plexus of non - myleinated nerve fibers p — ->\> 

S_w»*Jl ijOJall «oa J-. y jLfJrl ^ oils o (Ganglion cells) 

. L£fcU ^ 3J ^ ^JLp i Ji <v j J»Ll( 

(^ y * ««>» 0«J— • ** SjJaP 4... /iP » — >U( < ^» _ I^U j 4iiz>y\j _ a Jjlll J 

u i/i* L^>- -up . ii-iT JUz* SJ Bundels of pre - ganglionic fibres 
L* jL~p[ l«iJj . SjLi-^l ^L-Jl ij-iiill e. >Ll^/lj 4jjJi*Jl L^tjLl j^S* J&- 



y> ur Modified post - ganglionic nerve fibres 

l_gJ1 ‘ - : ' cL. .y 4_j jt yjl 4—aJipJ #-t A yil jj Sa 

4 ..l il i (J J-A)' j J A jl ■* 

. (Splanchic nerve) </ v * ' 3 1 ^ O’* ^‘W 5-J^U 

0 ^ OtXP 1 0 ^Jm 3 15 ^o^A 

Adrenocortical Hormones 

• ^ 1 j ♦. a^/ ^jy 4j“^ 5j£~“ 1 v — •'U y jti o j.m iijl L*iAj ; - jjAj 


A 


H 

H CHjOH O CHjOH 

ii Y « 



18-Aldehyde form of 11 -Hemiacetal form 

Aldosterone (glomerulosa cells) (major form in solution) 



Cortisol (fasciculata & Corticosterone 1 1 -Oeoxycorticosterc ne 
reticularis cells) 



(DHEA) (reticularis cells) 



jjk (Cortisol) J jjs’jj^ y*ij 

<>-.-. .«ij (^iJl t/- b jjy— *)(' 0 j—* J>\ j+i (Aldosterone) l*f (Stress) -ilp-1 

oUjj( ^Lp <lajU^U ^lp b»»o> ^ jbs’ j ^bll Oji^xJI <j L*Ia tjjj 
Dehydroepiandrosterone j-> ^yy'° jytj ^ jju of 

la_p ^ jJ~\ <ULiJ {j* JJiM Jyu (jiil j (Sulfatide and Sulfate) *;l Li-*j (DHEA) 
_li Jt-ijj’i ila— j^S (j of 0“^J <wA-;A*i> y ^f 

. Jajo o^o>— l Jl OjK-y* 1 Ji (Aromatase) 
^JLp y j; o-p- «L~ii (Glucocorticoids) ol-b y>Lr jSS ^U-l >u;_. 

4 j_j ( ^_ j ^Xj i_ ,. ...' ojL_*il (J • *a_j_LP (j ^Oaj -XjJjdl 

^j5 Oi — *1 Oil_j J Lp jj . LjL»a; _/-*”f C-’U-j 

j"* “ 4 J ^Lp 

(Gluconeogenesis) jj-S j il** j \ — 1 SjJbM o-lc^l Jo*j y\A\ 

^j_Jl ^ jjS ^L*-l dp 1 * fj •* l j «•■*»♦ Aji ^JaM ^s- o j * otjyliil Oi j° cyj 

j—A J-d (j S * **’ ^ O'*"*" - ! 

'il -LJj . ^ypl_iil < j^a flilij L/g»ll .J»_I ajl ^|,*. Ji.7 j c*ii ja jh\ «-Lp ji\slj aJL- Lili 
^S- AiiJuJ-l OjLif -i-ii . ipbll ySj ob f ji jljnli 0 jS^J.1 oljdllJl 

-Jl uj-a j* *~a _ 5_pL»i*Jl s-i — ill ^ jyu - (p - Endorfin) bx— 5Jl^L*l 

. j' — yr[ ^ <;Uci u\f i^pLdl \ — i9J~\ Ja—*A j—^p jL_ (ACTH) 

^j-a JaI3 ^jSx_ l i^Jb ^ jy Oa>l^ylJ ^ ^1*«jL1^j 

of ^-1 j . o tC-*l— x-jjjjJl £j-a ^bxJl SjlpL^JlI ^ja (£ *C->U ja 

of oN^ (*~ i — ■> jv — p o$j- l__5- s ^ *~ j 'jt *^ 


nv 



0>L- .-IjJlil *i O) j. f 1 j( -A alt , (_£ jlwvi ^JLp IAjjjIj 

(►— i i>i <J-ij& J5 5 <Ji ^Ji — -^Wji 

yj J^Lp js^ju — Li jj? jZ'JJrl (AMP- dependent protein kinase) 

1 f-1-1 Q*^.5 t, ...U 4-^Lj yP ( j^» JUwLajl ^lp _ JUi» 

k : * « j-*j (Lipomodulin) 0^yPy*y?^' jf C&jjt (j. j& 

jJL_JjU-TI jSl' D-i j^" Jl— ( Phospholipase A 2 ) jLJ yi— yiil 

jsJuJj . 4_-U-l d-ii- ^Jlp o)ia_J ji— yiil jj- ^ y>4 s_ifto j (Arachidonic acid) 

-bo- jjd'j Prostaglandins oLj-U^U-Ii— yyil ^_T^U» 4 a-L* 

Leukotrienes ob y £ yil'j Thrombaxanes *j-)UL-T y^yjdi j Prostacyclines 

-L_j y^yj / yS"yU“l ijJLjlJ 5_^»Oi jl yll i^JULr ^LjJ ^ j . jl S/lj \ .^a«; i._ -..-«) 

^-laj*j (Glucocorticoid - induced lipomodulin) yJy,iy.y~i]t ^Jlp 

Ojbjyl ^y)l m,S2~*\ O-)! yL^rl 4—Jj , l ^ tl^Ai ..fill l J yL^tiJ 

kiUui i-^py SjbO^i yin! J SljjUll e\jL*^l 4-) yJ^/1 Ay^UoJl jJ5 

o_L_* , a «~j . >»yji y«aM 0)l_iyl ( ygl ..ra7«[ <JjLjl£. ^JL-U 0'y-)*^l y 1 j j . OjU y» y^l 

^ i i*^/ L_>“ l_ J 1 J ^Pybl O) yll — 4^P yj'i Awljt^ail OjlyAlM 4 ■ L. > t j 0*)ljyLzll 

y_P •*■»! i^-)*^|l J J? 4jjyliSi ^yajL«ajbl _ U^Aji-1 UjJL*ji ijUaj aJ^-L^- j\i)l O^lj^ldl 

0>b*— Jl - y-aJl -ialxl 4jlyjb - y* yt-^ (ji J* 

, ^jtol 1 ■ LA b A i.m i i^ll 

fyjj y-ai' jL-ibl ^_U (Mineralocorticoids) oIoj ^L r j£ J h j>— a1' 

jl ^fc-Z—a-^^ 4 . - - ^ ^ ^ 4_JLjJ| d JLA jyZMJJ . ^yd» 0'>^i <3 *^'j2**^ d^Lp 

. £ jJUrl jy^. (j J -Aj LjjI SLi-l 



— A 'JA jJ } jdllj djljj J*Ji jJ} Ji _^Url !jA 

^J.aT ,^.C. ,\s^Jjj (l)t d->- - IaAJL>-^/ ^ *T ^ _*-*^ 

Q «i ^ JLJLP ^JLpj d->lj\ iU ^*a> l *.fc.X > -t ^^iaj (j* 

1— ^J_S“b (J\, ,fl jl aS' jL» 1' j^Ip d^-Ldil jA yM 0^ 4i* 

^ ^'Ul Ojlj-Ji Js> 4&UJU J&l ^lp Jj j&jjfj ^ >11 J fj . 5-ijjty V^Uail 
(*— . (Vasopressin) y.jj^ £-* <j J-^-^j Jy^ • > 

^ j — jj • d-*b^^£j^^S^ — *-^ 4 ]■?._«« \jt 1_^3jI «*Vy?^ d->b*^jf p.. «ja'«> 

. 4 ) Srttfli-I o>L*— Jl {j* JcaJii (Stress) o>L*£j 0 jjw« 

4_J ^ ( c->l-iKj 4JUii^ ) (Dehydroepiandrosterone ) tiy j* £~*kj 

4jf -Lal w j . ONI - .jy* lj-* O^LaI— * i_i*l«id5^J j*_^ f J , jlJ (j j 

J 4_-*jJ Oy^i.1 ili of jXj j . ^Vy\ j y-3 ) d->U-»- jjj;SU i>r -J ^Jl j-Uall 

Lj}1>4 ^jQ-jo laf| 4_il0»^fl? ^jy>r £_?^Uaj Lj^iLl Oi*^ j_*W 

• 0^ y- i* _^} jL* j\P AjJlij 


: <U£)l J j* 5 J& 5 jl J Oli y* ji ^yuJaJl y y3-l JjJbidJl 

oJLmfi" 4 d-> ^ wlj JJ2~ 4>l^ 4 ) 4 j d^U KAJ 4j 

j—Jaj j J. < w<li ' j lC» . jj_.,all i j-a <Lgjl .,-^t 4_*<?l>- 4 i^3; dj^il j ^_i 

p »LjiP \ m! i 3^ L i C i dl l 

jl Oy # ^-dL> ^p-« d->U jm* ji>\ oJ_* ^ C)j£j jj j . c^t J j jjd— 

I 4j 1 m i ll i j} ^ -*ijb JJU***^ t ‘ jj H mM , | ^ \ i \j£ jA t 1 Jlj-I *i 

d^U y 4_L ,jJb£ ^iXJi -u< (17 - OH - progesterone) ^i o _^o 

viiljj 4-*AjLl j l^p ya ,, ,. ; U j ^j.l^diT ^Ji 4 js— jS/ 4 4jJ_jjyd-^|! 







otApLidi <j \j-jh- jji (A5 - isomerasc -3p- nyaroxyd^hydrogenase) 
(progesterone ) 0 <Ji (pregnenolone) 0 ^ y L*- yit Jj ^ iiLJ! 
(17 - hydroxyprogesterone) J[ (17 - hydroxypregnenolone ) J-i \S 
« ,^ip (OH) ^ JUoy J jjj jl j (11- p hydroxylase) <+ty[ opU-jj 
cJlfi' ol J* — Uj (1 1-deoxycortisol) ^ d > ' (*->j 0y< ^ 

,-uuJt ip y^r. ^ a pJj dy o ^ J'-iy-l (Aldosterone) Ojj&x- j-dty 

; Ol-b J 

. 0 J— i-L* iS'kjJEr — Oy* Oj^i & Sddi JjjwJ j£ii ^v*JU 

^ OL 4* * ./? JLJsJt J Lw»Lw*t rij 

jj — * O 5 — J^kii jJU.Lt jJ-i t yJ>S m j . i^rc — -j'S/' 

Lj^U- \ Lj^AUt y* -L>-b«Jl <k-«l y iSs*~>jy y JM ^yi£j . *£ y<jJl Oy«-iJt iJl>LjJjy yJ 
oty— <Jjy£ y (Jjjw-J <_^t dill ^Uta 1 j U 4 j*JO > !• >>- <JLj 5 yi»* 

til "V' J*** 

^yu (ACTH) J1 Oy* j* < la—' y c£ yU' <?r^' &J* 0* * J* S*" <J 

jf fy— Jl^Jl oUyt il 'y (Estrase) j '>-V' (cAMP) Jl 

. (Phosphorylation) « yj — iit iJup 

^ (Zona fasciculata) yLl i_Skdt Lj^U- J\ ^'Uii JjyJ jy£ii y^*>j 

"US' jy^JU L -w4fc . ^J . o> ;^0 u£n jj y» OJLP i _ r ti 

^Jl (Zona reticularis ) iikd! Ui (Zona glomerulosa) ky Ula^Ji 

jt j-_— o_iij . <j U: , „ . t .^ (Dehydroepiandrosterone) -i' 

j yj 0^ tiA i jj LJl . (J jjw-J Oil y» ji>\ wJLLi ii L. l» Li 


TV\ 




^ ll olr.y’!>0 ^p yJl { jO~oj±. Jl) a> Oj& c^-b jjj £* jLM < * ... !» 0^ 

: . aJlSo\ ij y Sop « ^ iilab* ^JS" 

: aJUI olcy^l ^lii ^jIp o j-bih (Zona fasciculate) y*^' Ukli U*>^- ( y 

17 a - hydroxylase T jj-u* Ulf \ V (\ 

21 hydroxylase TjjO-a y\ (Y 

11 p - hydroxylase J^L-S jjXa Llj \\ (r 

• OjJLaJl 0 >UTjjW t^jLCy'^p o-i_i> >!■;>- 

p-:> : l ^p 5 j- 1 ^' ^ (Zona gl omemlosa) \j. i^ajH b!A>- \J (Y 
: V'^' ‘■^Lcy^t Ji ( 17 a - hydroxylase) j% S jjJlj, Uii \ V Jl 
21 hydroxylase j% S jjJ~* Y^ (\ 

11 j3 - hydroxylase ^ \ \ (T 

18 hydroxylase j*>L— 5" jj^ 'A (f 

Oj. JLp U dUJb 

(JjjO— A_^ylji^l A: «-. 1 jl 0_^" 9lj j 3?*^ IbA 

0-LP 9 L j'XjjST OjU ykl 

l . . j J I Jj ■J^LpLaI)! ,y a Jl?- 1 j 9 JJZ-*" ^J-* 0 .tjsu^— J aJLaaIi oJla ‘ * ^ J . aJ3<j1 (_) jf 

a ’ P 1 U j 0* « * L*S" A, .alzV- tZjt£yi A*j^( Ajl O jI y JjJLaJI ^J,»«!i.) UJ 

{J-* ^ J-J jd^ 1 - 0^ 

4— jlpJ i^JLlll 9jPL«dlt 9jLi^|l ^ y ^lp AjiliAjkl aJ3s31 (3 ji OOP 9 

0 y j*j (Jj^j jj^jI a^>j^L-1 aa1j:U L^A>- a.. . ; T; (ACTH) -ll 0 y y ^ y& 

. Lb-N <LiiU> jjjo- jJd^l jl yi u Dehydroepiandrosterone J' 



: Li&l J iji 5 jJJd 4J1 jlyj Oyj* 

Corticotropin Releasing Hormobe (CRH) : 

l. »'.<,*( I t \ 4 J a 4 1 —A (CRH) -)) 0 

t7 -L'iftfj W Al <j (CRH) -Jl ^Ur j( j-— 

Jljl yl . (Limbic system) jj*i' ^-"11 j^A-l ^ 4 ~**p ol jLi .1 ^j-J- 

-i* — ; y gj — Jl 4 „ aUll 4 _-jUI OjjJ — J l Jl J— »J J 4_^»\>- Lj^L 1 (CRH) 

j' i —d 4j( 'ill . (ACTH) -Jl tiyj* J^p J}^ 4j*a*)I 4-^LtJL c) -L«'i/ljjJ>l 

. uJllIj ^til 5 Ji* tS <?!*— *jl <j (CRH) -Jl Oy J'-—-' ^ 

: (ACTH) Jl 0^ Jj* 

4—i »L%J l jj~H &y, j* <o & * jW^ (ACTH) Jl Oi* lj of J - *^ 

Cr* (ACTH) Jl ^ JVU*JI ^ (CRH) Jl 0 ^y> jly^ Loiil 

A-i i I Sf I |4j i * * l * i I ^ JU 4 .L » L J l p ■■ a . ^ «— > —i ■« * < 

"<~A I' ^L^Sfi gU 4*1-1* ur . (a MSH) O r y>j (ACTH) J ^ JT j \ r : \ 

_Ji o^> i • : V ^ «>»L^l £*Ls £-* (p - MSH) Jl 0^> IV:Uy 

Jl (a and P MSH) ^ y*j (ACTH) Jl Oh ^jJ' <* L-iJl Uu* ^ j (ACTH) 

V-S " y Cr* ( MSH > J ' J (ACTH) J' ^ JJ* j'o-Jl J *j*j{ 

Jl (*— -li ojy*ll ajjJI V^JUj^Li- O' j-J-i J Vi (Common precursor) 

j . ia_ii oJjj-JJJ'j (ACTH) J' jj-ir Ol—J^l o (Corticotrophic cells) 

• (ACTH) — Jl <^y j* jlyl Jj^ai O^O- J ( MSH) j 0 ^* ^ jJj «j-Jl JJJ 

jj^Jl (y 4j( jdr 4 JU-I a J> J( MSH) -Jl ^>y j* jyi kjJ" -IjJjJl 4jrj JLp J>^«J Vj 

j,- L oL^i^l J' J--u ot U ^ j.(ACTH) -Jl Ji^ ^(a MSH) J jt ^ 


rvr 


ji Cr* ( a " lipotropin ) -i'j ( MSH) -i'j (ACTH) -It J5" 0 _^j 
J- r* s — ^ J* Ji f'j-i (mRNA) j ^ 0*^ ^ ^ J^i 

(Proopiomelanocortin) (Opiocortin precursor) ^ ^ jH (Preprotein) ^ jj. 

jLJ <j ajl -J— *j - (ACTH) -it 0 j-* j* 

A—*J^-1 A_Da)t Lj^L* 4 - ^j_Lp £ ^_?r ^lt aJL i— c. — (Corti co trophic cells) 

— • (CRH) -It 0^> A-JLt C->- j aJl^J! <j ji iJLP a ,j iaJaJtj 

C-»^LpL-aj^ CjLItkI— >> t aJS3\ i J jj aJIP a ^JUU J} Jlj*- JjJLlp At 






JLp i j»r yil 41.1a ;--* j (ACTH) -)l -bbJjl U->y-b»- ^\s -Up 4>f J^LiJl l up y* 

. *->~i U d .1^ II oJIp 4 fall'll Ij^liL (L«a)1 

. J^-iJl J L«jj <L7 y* iJUll o>l yla>- iJLfciJl J oyr y £)UJ J i_si?l>- ol)Uii-«lj 

. (ATP) -)' <y (cAMP) -1' y> y&j (Adenylate cyclase) J' pjy! <u_j ( > 

. bja>( (Calcium chanell) f y-Jl£3l o»l yi 4--J ii»u^ ui (T 
• ^j^b y ; ■ - 1 ' y £A*yO 4-ljbl Jpli Jl ^ y . ■ . l l^-ll siAlyt J^i J-Ut* iliy (f 

<^UI (Protein kinase) -)' )v * ; ~ Jl (cAMP) -)' u->b y — * ^hj j\ <yiy (» j ( t 

J jjw-J ^£ 3' (hydrolysis) ^'O lI Ji>3 Jl bf Ux* o*LJjy oyL-ui> fyL 

(Jjj^uJ yS3l Jl — isi <y> Jjja bf JjjwJ j> JI (Cholesterol estrase ) ^yi ^k-l y 

»L%— JJ y^ll 4-JLbl aI.jiLJI JULUl ‘•^•'biyi J*-^ ^ y* b j'*-’ y?3 Ji 

s-z*ij . b jjj £ ydl j Cholesterol side chain cleavage enzymes (CSCCE) 

. (J jyJj ^^)l oiJL^-l J*1 ydl ( y* I-aa.' jl oibj vC*bfy'^l 0 -La y y^J J Jut* 

Jl Sjiyll 0»^lpbilil 4..,»i Jl ^J^byT-..«ll j 0 y^l ^ y ; .-ll^3l t-l->by t ^Lijl i^ijj -Vij (*t 

J jjs*jj^ ^Jj^-^-jy *“ 0 yl y b^ry 4— • Jyyoj^l 

Extracellular space </ yi>- 0^' y^' Ji v^“' £_ Ji ^ ojjj jfih jjk ( V 

^p ^yl-Upj y — >17 tSj^" Oi — ^ (J Jj> jy>3l (^y-><* ^U7 iJ^sj uJj (A 

oil — j j jjy? yp <-L£3l J y oup b ^1 p (Negative feedback effect) s-lb- 
p ~i U»j 4.1 g .~> yP 0 jy->» Jl tlyi b^bbl ^iilj Jpli JjyJ jj^il JUT 
b^bbi jJJj J^b (5 a -reductase)-)! j*jyi y yC* yt -bbij J-u-. oiby) ^JLii 
JLp LPybiP ^ylU J-)ly ^ ^ j *- - ll b^ji-l Jl J - >* -y ^-Ul 4jssu*<ly il)y* ykl JoUj ( ^ 

. ylyjl 47lyll7 jLjil ^ J JjJj y^JI (jU jj-Up . (JyyJjy^Sb 4-^3 Ip- 



Mechanism Of Glucocorticoids secretion Ol Ajjfe $<£ £ jttrl jl j>\ 

o*l—i ja l {j—i l l * a Oh j~ ^ Ip o*l-i — j ji j — *i 

( j— « o*L» ja jM siU; (Jl— ji, — l l io j . o*l* ja jM ^JlL' jl Jt\ 

g- jL_>- o>U jl jii jf A *'* ' - * j -•■-! ' bA i-iA-l Al Ijj-U ^S"" ^- ii 

bjJL* j_5"" 0 jjljJrjAl (Jl..Sl*^ jl ^j^l jf 4,.1.».P J . <*oll i-Ai-l 

3 p -hydroxy-steroid -5' (►— \> o>jj-*il f jAb' o-£ £~-al f jVb Jl 

21 —S' (*— i>i : <j— * J-*" £ — kj ojj; ^-»- v v Jl £ ^AJI dehydrogenase 

fo-* o*Uj — j Uii 17 a hydroxylase A' hydroxylase 

(*-^j • Jj> : 17 a hydroxydeoxycorticosterone Jl Ojjo~*>ojAI J* 
ojj-Ul Jl blA-l ^-jU 1 Jl (*A bj-b^SjiAl bVU- £jU- u^JAil J jjJjjfi I £ 

Ji Oh j : o^* ^ J A' — (J o*j^*A O" 4 
Oj* jAl jl^il 4-L^P (J *CP i j~£- V l f 0*Uj^S/ jf 4jl . OVl J* Ail 
4-Jj^JJ <_£ JLA-l floiii JLpl-lll Sjjl jiV I 0>b-J-l (jL-aJl JLp -tpb*j 4jl b*5" 

Transpot of glucocorticoids in the blood J>b £ ^ir\ JUb) 

0»ljj jjO_— i* JaL7 jVli Jjlil od^-*^Url i * J*i ij a '^ ptm Jii J^ pr f Ab JLttjj 

^-JljJb ^ ^ L> UL>-I </AJlj Corticosteroid binding globulin (CBG) Sy^ill 
• MyAl ojjjJl J-oj -*_• o_^il j ohj>A' 'Aa o-i^- jOj j (Transcortin) Oh jJ> 

• ^* V lA" ( JpLAi (3 J j^^ib JabJjVU 44ili Ojjii OhjjA^ lAi j 

CBG + Cortisol «-» CBG Cortisol 
l-L*- aU. Oh J jAij J o^ A- — Jl Jaj yj 

S — . jUi^^l ijije jP 5 — u.^ : — ll aAA- 1 Jl ^ilj Jalj j\ jji 0^^' O^ 




ja 4 *^\iM ■ * ^ aT. „ ll jJLP 4 J .1 4Jbi-l al ^ . L' 0 _y <L a 5 ' 

u - ^* ^ y cy * j*~*j • oy <i»Lj yyi ^ aJu^ o^j <jjU ^lUj ^ j^j y-- 

. <i.* j:.-M Lii-l J,l c— l>o ^il ji~\ o ^ ijA A-*£iJ 5 jjI—» CBG Cortisol ./S*' 

: oiaijCj^jT^W 2L;iis£yi JUsSl 

a alr^U a_l jA jiA (O' JJ_ I llil ^y-U 4 . .»^P (J 0 _^— * 

^_4 jjjili Ca^ ijjVj llp^|t O^i^sJ Liil 0 jjb ^1 Jjj j ^p 45?Ljl aU.. y,l 

jy^' (ACTH) -Jl ^y lOjlLl 4..:iii On-»li 0 

jj-lai' jlf^-' JLp j'yi jJU Ji (Long feedback loop) -S' jf <^al' 

jJiil . aj^*S' v^S'j yLOsItf^' y JS" (Limbic system) 

a_t ^ip oi^ lii' wLL . (ACTH) Sa. .y ^_1 p J jj~> ^*S' 

. AjUi)' A-aU^'j yLa'i/la y-<Mj tj __ r W' jl^-1 ^lp oi y- jii J Q*>La,:.-A 

Ol <U?" O'jjJbJl 
tj 0 j oL-Jjjji'j o' jJu*j{ J&\ ^jA ( J5"” t \^S j t»U 'jj<a <J jjJj 

L*r (Hypoglycaemia) f J-J' jj-S” _^U- yS" y j £w>'j y»U^i J[ L^ai c^j-i . j^-Jr' 

^*«i i ^ *1' J • X ^)' f— a5" ^ Xja 

J^J' ^ *z~S «L.j ^ (Hyperglycaemia) f*d' jjS“ y~ 5^Uj J| J jjJ y yi S^Uj 
cr^. a_1pj . yi j-— J>U L— L-J-' ojU j ^-u^ol (Hyperglycosuria) 

(j — * A^liS' AjV^/' jij& ®ibj (3 J>r^" jyU JjjJ j^il jf J y)' 

±jj,j.jjS yi-l yLa ZaS' ^_U Aas^-jSl' «jX_ia J_a Jii Lai - .oLo'jjJ' JU 
_^S^r' iil-jj -Lai A* 1 ' j Sa ^I p JL^Si a^Jaa ^xll (_) <«X 

• VyjJ 0 ’ j6^ ^'y Vs^jy Ji^ 9 <y M ®->bj ,y a4lJ' 


rw 



. jJ3-l kii-C - aU^ 0^. rt«' l 31 ^ OjU-JjjJI j»-Lfc L^JjAjJ^^ 

j S — "fi L~>- ff j/ *^1 Ji iJ Jji’JjQ'* l/^jij 

y XJ£> ^XS\ y JjjJjjiOi Jjji Li” . jJaJl j ^1 ^iS a _ / ^- 3-U ajJ^- 

i<Vi 3 • jb-^SM vjji \Lax^~ ^/ . 4_j ^33 ^l^i-S/i 3 ^i-ajji £-* ^^—-ii 

• vi^Li jy^* <Jv3i a-i* 3 o ^ ^; »— ’ *^' ji _3J «iUij (ju^L*)! 

J-JLir Jis- j£\j {ja a) ll (ADH) j' j2*y ^illl 0 y yiS iLaa y\j J^j jj^j 

(JjjL <*PJi (j^ ^Lai*! Oilp^ ^Lp Aj _ ji£]l CjL~iSl ' SjJi 

• 1>* r^ L V J^’V £* ^-j^^'j j-,^51 3 -LiJl 

(%J>i £^*1, y L *^“ Ji ^iji Li” < ; « -a ! 1 a jL»2*Jl Loj^- ^ Jjjj J_^]l 'kjij 

. AjJl jiil 0 ■/>**! ^Lp aL'S*! ajAi* a,ab^ ^Lp Li' ^a.— ., 1' 

A_j ^A- lii 4 ^j 1 ^-l^)l i~L-*ll ”^ijd ^ 3 j— p-lil ^P tJjJ-J j_^)t y U L*t 

. Aj jL»-iii 0>1 -i-lP ^li l * ..; IfL. (J J ljl> Oibj ■ wiiJjj f Lja-Jl 




a L— «$*■)/ 1» OlJj g jJUrl . £* 


oLaXi L*jj vX>l Jj ^^s-j j ^ ^I3l jy> 


a_Jj y a^_iJ { y ^*JLl l) 1 p-l)l jlj iSj~£j • 4-.^* A-j 3-1 

• ^ 1 — fc<* jj-iil jl^j^-Lj 4_1>^LL* JLJLP (_J Jjc-A (j~* A_3Lp- ^Lp 

iJLP £— •* >jJi-iJl ^J 3 i N JL»- - Ji jjjl asx-jJl) 3-1 b^l^- ( y JjJLaJI ( ^ 1 -C- (J j^-Jj ^ 53l 

l_j^3l j*_a! ^j—a Ji3il b^3- jyZJuj . b^3-l 3 ^- >r o>l-ij jj^ £ _^U-i ■* 

^ -- ^*,.,lll JJlx ]1 U^A^j *j jlfl*..lll 1^3-1 1 g - 1 ; , 0 >^L fl .>.«»Ll kiJJj y ijyS' il JLP-I ^3 Aj j-- 5 ^ 
o*> A;,a:.— j ^ 3 Li' i-L_p ^_ip LjJl ^>-1 os_^jS )1 y j*-£ 3 -i-J aJ L3" .^J>Jlj 
AiA Oli' L ^1 1 ’^'^ iJ-> 1 jjjL AjLwj''^! L^j3-C jj^ 



<1 jjuu> O'LaS’' ^1p (3 ^ law * 0^ AA-ill Jjj . 

/idU ilLIIM i*wjty JT bM-L 0^ ot V >dl s^Uil ^ ^1 (J* j*£ U 

4_J j\ ^j-al l 3 1-^j-L.l Lj^b* 1 fl jJ, &-\ ^JLp 4i Jli-t ^11) *b»J^ . Al^r'^b 

tj * \ *5^ o^LailwII 4 — Lii cjL-^T ^.Ip jl£1I j Kupfifer cells b>L^ 

a_* j . o/sbJc-Jil (j* j&i J* 3JLJL5 aIjpI ^Lp (Pars imtermedia ) *k- yl' 

Short term stress c.s-1' jw^i alp^l ^p Long term stres^-ii' Jiyl* J^X-. 

<»zll ^—ikJ £jL >-i-«p“ • '-^ yll jf £^yiJl Cy (j Oy^i iJU-^ - 

^jipj y > jil jyb 0-*-- 3 a.JJLi «JLjA ^yi]t ( jP a^LJI 

Sja— <ly jl ^-*j, ^lab . <J5sJ^ (j^i a-LP ^ JjH 

^'-pr'^ij <^J_Ll jw. ai pUpr^' ^ JT c^-sjij • (Autonomic nervous system) 
jI_|_x- , ^ 1 0->l j±-> U jl. .- « ^LjJl •- M Jli£j . oi-b £ ^JUrt jl _/*l cM t£“l! 

• CX/^V' ) X J 5 " A>*1 \)* jtj* 


m 


STRESS 

♦ 

VISCERAL BRAIN 



GLUCOSE 


ENERGY BURNED IN 
COMBATTING STRESS 








j->j£ j>jU » Li l_l p. ULjj <xjIXj jS" jli-l C— -C - * 1 j 

A^> i .,.«*' K ~ *~* ^ ^1 p aJIjOjA 

i-iUail JLjC—^ 0 (ijjiLjity ) ^ i}a~*\j> SJLiXj aaJL ^Lr ^1 aL _^j 

iijL-Soj ( Fight , Flight and Fright) L-^ajJl oNLiJ'jfl j( 

CijPr^ jU?\ .2J ilpr^l ^>\ajA jkh JOJaII 

• ‘X-’LjXJ^Lr j II ^jv> j^-Xil L~il J 

Long -term stress Jj ^W' ji -slp*-^ <JjSl' ilp--'}/' ^ ir^-y yj- 

^^—11 i a ox^ *j - “ * olx ^1^1 jl *i - — ^ ^djij 


L_^JLc- p-LiLlil »^.. Ua ij a X .,« M (JIjI j^illij SjjJajLl i3j_^-^j Jlnil '— ■* _/***“ jj 

£_j-ij' U • X4* (Jitdl ,>- ,/•' o^' cf-± t »jvk^ jl>T ^ .illi <^1 p jj Lj 

j-> {_ jL J*-~> xJ ^ JJl _ Short - term stress jwaiil i^xil ^L*iM .slp^t jl 

tX^^' j'j-*l V- .- ‘~ :* — 01-*"* L»X->- L-*_»X_*- ^v* J»>l > jOt5l C-^ Ur*Lill 

• LJ' ^ dLjj^ ^Jl D w\»P ^ 1 j 



VA. 





l ) oivN/jt53i jji 4aJijll4 ^ "* *** 3 

o^VpbiJ (j jj^ Vi U, ^LlLl IJLa (j L$Jl U Lit 'i/l . 4-i^ll {j j» 5.ap f^y^" Cj * 

. oI-J-j y ^IA-I **— ) ^ j—oj (^.iJl jj-lJl *-;-iLj^ (<S ^ — tl jwa> jt ) ^JLeuiil 

( ) '0<I~V_j jjS y _jiJ“l a^b J {j* OrLil a J l«1 o )I ol jjiJl {^ : , J 

^J^b ys-~* (j oi y^r ji'- oli y* ji>\ liLJLJ 4_Ojjj\)l 0>* ^. r A .~— — l l ^_» 5_?-Lill Aj^^lb 
^_AjJl - ---ll j ».j*ii a J.elj 4j jl a* .l.il b^il j JL^il b^b" I |lsal a»-l j t. _ ll 

. ftljJs-t otil £ j <bJli)l j b^>-j 

: Immuno suppression by glucocorticoids Obb^Jj y b 4— PUll XJ& 


Cxr-i (Immunoglobulin) ^ u^jti <j S_^a-a*dil Li^bLl 

0>b yl —a 4i ji ; LT 0—3" Oj C ^ j jt * +h > ^ ll La^V>-\ f y-A oJ_j J btll y—>'^l^ 

j ^ y -i ^ ^1 — SjL— aLI .. i .<« jr^/Lji-Lj^ ji L_zj IwOjj . o^'«j.. . t y*~? j y y 

•■>Wj Jl ii o-*i jy* y ^i^rt ^ ‘ ** a y*jy, y ^l^rb 

i_LUll XJS- i_jPLll obUo— ^fl ^ytibjjj 4jt jS . ^Lil jiasJl i*od! btAjbl jijLtl 

5—pLit uij «iiii • •— > ^ i y~? j y y ^Jrb <l *jy 

^Li'y o (Monokinase) — I'j (Lymphokinase) -11 oLfjJl yj ^le- L^* j-lSJ 

. SiUai! r L-^ { yt 


i *l£ii b i>^iuj y^z^y y jjJt-f u 

’ 5j-U5sJ^ 4jbi-l ^JLp A*s»- ^1 _jJI O^ljy bJl jLil ( J^Oil 


blood 

ECF 

CBGf) 


HEPATOCYTE 
CYTOPLASM NUCLEUS 
nucteir 
banslocatlon/^ 

Q 

|i adNaticn 

^ mRNA 

llbMhg | 



TA\ 


i^^.C^ recep,or y 

► phmtypes 

steroid I | 

I cektar response 




cJil (J (J ^^«£>3' IJLfc ^jA ^JcPujj 

0 y - * ^l ■ a Hj , — 4»^Li*l *^JJj ^y^ 0 , j , *:* M cS ^ ij <LaIxJ^. 4^Ljj\ JLmjj j\Jlzj^\ 

^ j/z m j i j^A>xij c£~^ (mRNA) — ii ^ J>^> *-~± aJljLI o\ y aI+al+s. Ja-J ^li 

3— j jh*- ob U*r*I~*[ jLg-Ul ijJLill jJJU y_. ^Jl 

* I Ji ^c* ' i ~ ' 3 . - ’ ^' J&. • dj^JJ^' ^Sj* 

. 4jjj0l JLiji-l ,j _ 4 >Ip oi\j j ^ \ 


. jj £~ _JbM /*» (J-X*>» ^aJi^ (Y 

. (Gluconeogenesis) <y jjf <jtJ^ (V 

: (Antiinflamatory actions ) SiUail )<fi <£ jld-l OljolJ 

1~L — A ^.ijgTpJ . CL^UiJ-Xl ^ 4.1 ^ H ■ «« > ,^La ^ 5^ ^UiJi 

U¥JJ-** J ^ ^ ^ --o (j k ~3 jj> ^Ljl ^y_J-C- Sj-L-tll i^jL aJLi jf 0 £ j jo Lz)l 


i*-0 J i jyjvd' 1 J**o t • j • • • (Macrocoriin) 

A. : ~. teaJ> j-* J jlj_3r ^jJLp ^j_»r ^Li (Phospholipase A 2 ) 

(Arachidonic acid) jXjj-xS'\ jS/i Jo** ^ vcJJaj 1 , 

I £C« ,^i-P jJjJ-j ftjUi nJjjj ^jJl fjl Ojj j^aJ L* j*j 


GLUCOCORTICOID ♦ RECEPTOR 

I 

T 

SYNTHESIS OFLIPOCORTIN 


INTRACELLULAR MEMBRANE 
PHOSrHOLIPIDS 


PHOSPHOLIPASE A, 



FATTY ACIDS E G. 
ARACHIDONIC ACID 


PG SYNTHETASE 
SYSTEM 


PROSTAGLANDIN 


RELEASE INTO CYTOSOL 
OR FROM CELL 


INFLAMMATION 


TAX 




(Lipocoitin) -Li (mRNA)-J' oloJ jJS' ^ IjjJ- J>*J -uJ _> 

: JO j£i!l J «^i 


B 


Met 

Ala 

Met 

Val 

Ser 

Glu 

Phe 

Leu 

Lys 

Gin 

Ala 

Trp 

Phe 

lie 

GlU 

Asn 

Glu 

ATG 

GCA 

ATG 

GTA 

TCA 

GAA 

TTC 

CTC 

AAG 

CAG 

GCC 

TGG 

TTT 

ATT 

GAA 

AAT 

GAA 

Glu 

Gin 

Glu 

Tyr 

Val 

Gin 

Thr 

Val 

Lys 

Ser 

Ser 

Lys Gly 

Gly 

Pro Gly 

Ser 

GAG 

CAG 

GAA 

TAT 

GTT 

CAA 

ACT 

GTG 

AAG 

TCA 

TCC 

AAA 

GGT 

GGT 

CCC 

GGA 

TCA 

Ala 

Val 

Ser 

Pro 

Tyr 

Pro 

Thr 

Phe 

Asn 

Pro 

Ser 

Ser 

Asp 

Val 

Ala 

Ala 

Leu 

GCG 

GTG 

AGC 

CCC 

TAT 

CCT 

ACC 

TTC 

AAT 

CCA 

TCC 

TCG 

GAT 

GTC 

GCT 

GCC 

TTG 

Bis 

Lys 

Ala 

He 

Met 

Val 

Lys Gly Val 

Asp 

Glu 

Ala 

Thr 

He 

lie 

Asp 

lie 

CAT 

AAG 

GCC 

ATA 

ATG 

GTT 

AAA 

GGT 

GTG 

GAT 

GAA 

GCA 

ACC 

ATC 

ATT 

GAC 

ATT 

Leu 

Thr 

Lys 

Arg 

Asn 

Asn 

Ala 

Gin Arg 

Gin 

Gin 

lie 

Lys 

Ala 

Ala 

Tyr 

Leu 

CTA 

ACT 

AAG 

CGA 

AAC 

AAT 

GCA 

CAG 

CGT 

CAA 

CAG 

ATC 

AAA 

GCA 

GCA 

TAT 

CTC 

Gin 

Glu 

Thr 

Gly 

Lys 

Pro 

Leu 

Asp Glu 

Thr 

Leu 

Lys 

Lys 

Ala 

Leu 

Thr 

Gly 

CAG 

GAA 

ACA 

GGA 

AAG 

CCC 

CTG 

GAT 

GAA 

ACA 

CTT 

AAG 

AAA 

GCC 

CTT 

ACA 

GGT 

Bis 

Leu 

Glu 

Glu 

Val 

Val 

Leu 

Ala 

Leu 

Leu 

Lys 

Thr 

Pro 

Ala 

Gin 

Phe 

Asp 

CAC 

CTT 

GAG 

GAG 

GTT 

GTT 

TTA 

GCT 

CTG 

CTA 

AAA 

ACT 

CCA 

GCG 

CAA 

TTT 

GAT 

Ala 

Asp 

Glu 

Leu 

Arg 

Ala 

Ala 

Met 

Lys 

Gly 

Leu 

Gly 

Thr 

Asp 

Glu 

A3p 

Thr 

GCT 

GAT 

GAA 

CTT 

CGT 

GCT 

GCC 

ATG 

AAG 

GCC 

CTT 

GGA 

ACT 

GAT 

GAA 

GAT 

ACT 

Leu 

lie 

Glu 

He 

Leu 

Ala 

Ser 

Arg 

Thr 

Asn 

Lys 

Glu 

lie 

Arg 

Asp 

lie 

Asn 

CTA 

ATT 

GAG 

ATT 

TTG 

GCA 

TCA 

AGA 

ACT 

AAC 

AAA 

GAA 

ATC 

AGA 

GAC 

ATT 

AAC 

Arg 

val 

Tyr 

Arg 

Glu 

Glu 

Leu 

Lys Arg 

Asp 

Leu 

Ala 

Lys 

Aso 

lie 

Thr 

Ser 

AGG 

GTC 

TAC 

AGA 

GAG 

GAA 

CTG 

AAG 

AGA 

GAT 

CTG 

GCC 

AAA 

GAC 

ATA 

ACC 

TCA 

Asp 

Thr 

Ser 

Gly Asp 

Phe 

Arg 

Asn 

Ala 

Leu 

Leu 

Ser 

Leu 

Ala 

Lys Gly 

Asp 

GAC 

ACA 

TCT 

GGA 

GAT 

TTT 

CGG 

AAC 

GCT 

TTG 

CTT 

TCT 

CTT 

GCT 

AAG 

GGT 

GAC 

Arg 

Ser 

Glu 

Asp 

Phe 

Gly 

Val 

Asn 

Glu 

Asp 

Leu 

Ala 

Asp 

Ser 

Asp Ala 

Arg 

CGA 

TCT 

GAG 

GAC 

TTT 

GGT 

GTG 

AAT 

GAA 

GAC 

TTG 

GCT 

GAT 

TCA 

GAT 

GCC 

AGG 

Ala 

Leu 

Tyr 

Glu 

Ala 

Gly 

Glu 

Arg Arg 

Lys 

Gly 

Thr 

Asp 

Val 

Asn 

Val 

Phe 

GCC 

TTG 

TAT 

GAA 

GCA 

GGA 

GAA 

AGC 

AGA 

AAG 

GCG 

ACA 

GAC 

OTA 

AAC 

GTC 

TTC 

Asn 

Thr 

lie 

Leu 

Thr 

Thr 

Arg 

Ser 

Tyr 

Pro 

Gin 

Leu 

Arg 

Aro 

Val 

Phe 

Gin 

AAT 

ACC 

ATC 

CTT 

ACC 

ACC 

AGA 

AGC 

TAT 

CCA 

CAA 

CTT 

CGC 

AGA 

GTG 

TTT 

CAG 

Lvs 

Tyr 

Thr 

Lys 

Tyr 

Ser 

LV3 

Sis 

Aap 

Met 

Asn 

Lys 

Val 

Leu 

Asp 

Leu 

Glu 

AAA 

TAC 

ACC 

AAG 

TAC 

AGT 

AAG 

CAT 

GAC 

ATG 

AAC 

AAA 

GTT 

CTG 

GAC 

CTG 

GAG 

LCU 

Lys 

Gly 

Asp 

He 

Glu 

Lye 

Cvs 

Leu 

Thr 

Ala 

lie 

Val 

Lys 

Cvs 

Ala 

Thr 

TTG 

AAA 

GGT 

GAC 

ATT 

GAG 

AAA 

TGC 

CTC 

ACA 

GCT 

ATC 

GTG 

AAG 

TGC 

GCC 

ACA 

Ser 

Lys 

Pro 

Ala 

Pile 

Phe 

Ala 

Glu 

Lys 

Leu 

ais 

Gin 

A. la 

Met 

Lys 

Gly 

Val 

AGC 

AAA 

CCA 

GCT 

TTC 

TTT 

GCA 

GAG 

AAG 

CTT 

CAT 

CAA 

GCC 

ATG 

AAA 

GGT 

GTT 

Gly 

Thr 

Arg 

Bis 

Ly3 

Ala 

Leu 

He 

Arg 

He 

Met 

Val 

Ser 

Arg 

Ser 

Glu 

lie 

GGA 

ACT 

CGC 

CAT 

AAG 

GCA 

TTG 

ATC 

AGG 

ATT 

ATG 

GTT 

TCC 

CGT 

TCT 

GAA 

A TP 

Asp 

Met 

Asn 

Asp 

lie 

Lys 

Ala 

Phe 

Tyr 

Gin 

Lys 

Met 

Tyr 

Glv 

lie 

Ser 

Leu 

GAC 

ATG 

AAT 

GAT 

ATC 

AAA 

GCA 

TTC 

TAT 

CAG 

AAG 

ATG 

TAT 

GGT 

ATC 

TCC 

CTT 

Cys 

Gin 

Ala 

lie 

Leu 

Asp 

Glu 

Thr 

Lys 

Gly 

Asp Tyr 

Glu 

Lys 

lie 

Leu 

Val 

TGC 

CAA 

GCC 

ATC 

CTG 

GAT 

GAA 

ACC 

AAA 

GGA 

GAT 

TAT 

GAG 

AAA 

ait: 

CTG 

GTG 


Ala Leu Cys Giv Gly Asn 
GCT Crr TGT GGA GGA AAC 


TAT 



Dekydroepiandrosterone (DHEA) p Zona Reticularis Aikdl 

kJ&\ <j j-* ojl_p a jj . J oLLla y* j Zona Reticularis Aah:ll 

j£*i iS^j Dehydroepiandrosterone (DHEA) -J' Oyy» Ji 
Jl Androstenediol Jy-u-i-. jj-b'f j o y— ; of 


J-*ij . Aroma tase system enzymes ->. ^ j*i Cry^ y.yl fUaj *y»-j -up oL>- jy--l 

. v^jtl ja I aiL» 0 IJuh 

Mineralocorticoids oli y jk 

Zona glomerulosa «— i iLkll j%— Li^il J y i i^r jl>4 iZJaJi 

^ ! .«■ — ** ^ Kt&Ks*" j ,Iai,»- ^ip 

(Retention) u L*j (Electrolyte balance) j'y)|' 

* > j*~* It ^jy'j 

j - J s * - , >^-^1^. „«.■■ i i,i^ ^t-JLC ^1 p ia.g-.wti j^j U 

4__J 4j 1 L»-S^ . 4j jpiwv^ O-t—wST^/i 0*». vL— «ij ^*LP ^-tpl—JLl Oj«lj b 

* ij-lill y> jjA l! (ACTH) Jl ^>y J* '*h~ A ^ 

ua_ii jjjw-^Sn jj*\ <J*iyi 

jl JbJUiJl (_J A^yr j\>- ^L*l jfi- <_j*i yj Jj ail 

jl i-iLa^L . Or* jf jf 

^L*laM J-^- L-Jajf Jj L*S" . J — *j jf Ji' jf Jj'_r~^' t y > ^ 3 ^*\ 

j Ojj^—j^^' JJ.» (»-“— ’0 • 0_)J^— j'yi y fjhr-'^'o r0i' 5 O* A ^' 

. Jla^rl (j <Li^M yb JLp 


YA1 



4j£jl (3 j5 oJS’ OU JA yb 

Hormones of Adrenal Medulla 

Catecholamines ^ — yV jl j-*lj j-i* 1 p-a 

L£>UU jJLL' O j . cg ..-rt»»n (Adrenergic) » 

Jl — ^aJ*>U jvi. — l ^dL — - (ij jb-x^jUrl) (Cholinergic) Lj^AjJ-1 

(Norepinephrin) 5 LM>-\ 

OiJ SM j' j-»ij jj-j j^. 5_-J LMi-l ^ y? Ly (Noradrenalin) yi jjA\ 

<i» — -1 ^ (Neurotransmittor) y jl jJU j_Jj^ ^ L*T (Acetylcholine) 

I Ji> (_> ^jA 

Seratonergic neurons J ? yt ^wJJ is*idl i. yl l b}UJ4 ( > 

Dopaminergic neurons ail h^i\ S. yl l ( y 

Melatonergic neurons jy‘y>L*il wa*il L*>U-i (f 

Enkepliaiinergic neurones '^iA\ l : .*an\ \ LtAi-' ( i 

Cr^ ol L$ j v_^l— 3^ £t_U <3 OP 

A ;r ^«U ^L^ll *X?r- jS ^L> 40p’^*i * 4-»w2JtM ^ 

O-^J • ^5 J j ry i ‘' j'-P"' a- 4 jy ^ywil jLpr' \£h*- \*jjk ^ 

V |ii > £ jtL.^ 4— JL^di (3 ® dJL_P- ^ LJp t^jL_r j* jfib _ dJUb t«I/3 «. 

jCipI _ I Aa , ^ jS"" jli ^ ya«l l j\-$^*ii 

• j-ii aJ&I jy #*xp 0 y y ,jJLjySll *:i y 

j'j-»i »-*-* jj- O^Uu^J^ 1 ^r- 4 Jrl-ii' j'yi 


TAo 




jj a_jf ^i>* \j^>- *— l$Ol J y a.VP £^li- > —*^'* J^ij 

^ ttaS 1 Sj^ijdi a :r u3iii' la^ii-l ^l—s>rl ^ aj <j <Jj a. ; «<a P oLLjJ jf 

o-L-5- £• aLu»l ^}1 a...^«H oUa-Jl 0^* - aJ ^il ^iiJl a^jn-j aj^i aJlpj . 5j jl y\ 

a ^..-ifc Lj*A? ; - oljL-ti aU --.1 _ a.^..,.;7 j aJ^jl 3 ji 


W^*“' ^'>-*1 - s “ lp v^ - ^" s* ^ Cr* 

. aj£il -j y aJLi> ^Ui- J 61 y ^11 a ; :..»Laj^$ol 

(hepatocvte) aj-J-^' aLi^~c. O^yU -kJyj 

ail — *5" ajL*jC_--'^ 1 a_j ^>-U! aj^JLJl j \ <^£-1)1 jj~* J^ 3r ,_>« >j yr\S ’ ^JJLai ajJL^- y*-l 

^JLp oLj-a^jSyJlSol A_*jJj . (stress) -aLfs^'i *LjI Jl«jt.: — *)|1 eyaL^r aiUail 


'CJuLljjj .*U_il -a » -■-» J v^ljji." J^JLJ (jj-lj . l £ y>-^/l a_^- J... .all c-‘lj%ii)l ^jkj i^alJLyl 

• y« Liajl sij-L£ j >...iall 

•OiJ jta ya L-L» aL—^nij L— »L—i a_J^Jl <3 ,*u3- ^jly^l ^UdLjl ^/ < 

L^XjJLT! j‘> (Sympathectomy) L ^-' y • -.->! y ajijl y-^jr si-—?- 

• *—■'*".■• Vj^s-Tt^h jlj*i «j!jJ J$ »Jl y*^ i»-j (Clinicai) 

i m £\ ^ j iJiSol ^3 j* 3J-P o SU^-i 


J— «s*j ti — ,.y . eJ — ail ^L_V«Jj 0 j . , .>a il olsJb^jjO— -1 3i i ^ J’j'i'l j . $ Igjj 

'— (j — ^J- 1 - C?i 0^^ — * i J - 1 ' jyh J_a— ^ (»-i JJ*i Ol-LjjX-) jS" ^ li-1 

djlj-j j£~ijj£ r j£~ W-?rlj j\yl (JjL*-* itijj LwS" . ^L>xi)l J 


. ij 


(Neural crest) 3 — w**M ail_J4 ja yj£\ J-asI Soiil 



JiJ » .»il 4,..*a*ll \jt>UU] 4j..g«3' 4>LLl <JyJ o->- 

yviLjJjiljyiD ijj-AA Lj^jP ^JLp jJUi JLjt) 4*JJ» 4j y^L* 0*Ai)l 

jl y_it ^-JLp' s jJi jj-iJj . o JyL* ^ b^b>- ^ 

. SjJL&P UaJI 4j *.>.<g)»,l' b^lLly b^L 5 - ,jjj ^ 

^4* ji jL_jA-\ yi— • ( y-lp — OJL-?-lj <_■ . .Cl j 3 yry C^jbll £jA -iSij 

jOul d^lf 0«Ap 4 • jJ~.% ^jA ^1 dyb^|i a ) — a 

juo ^-L 4-^Ji ^ Jyt-Ji ^^*11 j4^-' t) (Limbic system) jbLl 

(Dorsomedial *ia— yii' i_ j 2 — ; ySU c>-ij-j j . y-L^L* ^-_il jJLb 

Cr* Ar-*l <Jl — *-r=’>^ L-s-U) j— * - y-b-Vb* 5-iLJ-t jULiljnuclei) 

^ aa’.i j* ^ y^-yi ^3 yf 4 «ap p .y* yubyjtjyJt j yJLjyP^h 

«_a— > ty* J_s«-yJ t-i — . ^rJL-j jit yyd'j ydbyiSl- y* (_£• ylyil y^ y^L^/by^Al l? 

4 ..wJuit 1— 4 Ul . y^JbXji ,V. — J y*yi>l yd* y> J\ yl ,yl , W>u> 1 

4 . ; >^«li bj^AjM ^1 ya , >-^/i , Jlc-j _ ^ yb*}/u y— At y* JyiLiait 

j y-^Jt J—s^ii (Lateral horn grey matter) ^b. 5i-iaJLj ^U-t y yiM »*i\y\ 

, jJLrJ ^Ji 4_LyU3l LMjLt sJla U- y . (Thoracolumbar) SiiaJii 

o ^ — * (Celiac ganglion) v^uh oai*il» l y* (Spianchic nerves) h j-^ [ - j 

^ y-S" j 4 ,.^»\\ Lj^Li «i_A c__^- . 4_jl>3l J yj O-LP 

JUaT^I xlp 4lii^x. jdyT JrV*’^ 1 duly . k_ — su»3t ajI^J ^(Acetylcholine) 
.iL-JLJi oJL* j 4-jU i-wiP 4 _Jl>- j, — sr ^1 p JJL — ll ILa Jjf-y j (Synaptic junction) 

5JlLl 4 JA jjj ollil 4.. .-3 AjljLl Iw5 4.^-^t4.:1i 4-ld-l jyJu j 

ijjp*iA 4jJip Jjc 44 jl i-jr 4...-3P aJLp l^'b 4^-Jt« 5jbU jl se\ 


TAV 



.i j , -j d qAju.*^ jj~jij 

jU»-l a .■«_! JLj , A-.. ; ;,:)i 1 ~L_a 3j!jj jllp ^ 

(Jl—iLji 4 _L 0 ^ 0 yjt± 0 J 

^ ^ ^ ;;‘A^ 0 «; a*— M 

• i S^ ' 9 *' J*** ciW ty^" ^ 


SPINAL COMO 


5 £ 

i ol 


PftCGAKGUOMC SYMPATHETIC 


7 ji.’.v^::ir.>i^Mi;:»L 


SPINAL CORO IPIRST NEURONI 


PREGANGUOM 
AXON Of 
s^EWST NEUROI 


SPLANCHNIC V. 

NERVE a 

I (PREV 

adrenal / 

GLANOy^TX ..c~. 


THROUGH CaiAC 


(PREVERTERRAL GANGUONI 


■ tJClJjiS/l ^ j~^ y ^ , /3 *^ ijli 

j - (Spinal cord)^T ^ JJ-' Ja-I Ji ^J.1 ^ 

►jA^il 0^^* #^lp ) jj L-. <»llA 

^Xj»P J -a^ AjllLn»l! A ^A 'jJQ^ Jbu OjLi^|l 

{j* J^. ci-r»-( Celiac ganglion) <j 5u 







(B) jz. ~ — * xp jjjj ^ ji j»i 

. J^sJl (j* (A) Oir^ gpx***^' jLij'l iJL J* J-^UJ Jju-i j-* 

: 4-l^Jl {3 ji 5 jp oU y> ji i.mS'jJI 

Cr-’.j^'Pj ( ) jiy^ribj — ^ v-/ y (A) J^-^' J-^L 

p-J ^1 oT . L*A ^Liit oli <£^l ^Li " JS ^ JbJbJij ( ^j^ 1 ) 

4. ; . mil l) 4^. — Jwji C ■ 5** ^ 4m—?rj3 i ^..^** jA JT ^ 



Epinephrine (1 .0) 


■ 0 J * * ) ^*^***' (ji 


? H 

.jsXHCHjNH, 

HO'V 

OH 

Norepinephrine (1.2) 


O' 


? H 

CHCH,NH(CH,) 


OH 

Phenylephrine (0. 1 1 ) 




CH,CH t NH(CHj) 


OH 



Nordephrine (0.06) 


Epinine (00 1 7) 


Ephedrine (0.01) 



OH OH 


Amphetamine (0.0024) Isoproterenol (depressor) Deoxynordephrin (0.08) 


p - adrenergic receptors ^ jl*i! oLT JS (B) 

a - adrenergic receptorsc^LL^ «-> jUdt oLS" JLi Ji*ji (C) j oUT ^ll 



B 



on 

CH, 


Propranolol 



Dichlorisoproterenoi 



Pronethalol 


r~\ 

N y N 

<|h, 


jcto* 


Phentolamine 


(CHj^ci 



Hj-N-CK-CHj-OC.H 

I 

CH, 


s 


Phenoxybenzamine 



Ergotamine 


n 



(ij-J 3a* 3 jJjj ^a*)! ja JT jy OlS^UJl 

J j_» iai- Vs» l * u^p S-JUl ^w> y 

2—jXjiJl ^l_vil j (preganglionic neuron ennervation) iwuil ^ ^a*)l 
• Cj^j^ <3*1^ <j 5 J>-IjJI 



B 


n\ 





.iajJ J 3_j£]l J _*_» oJLP 5 j-ii < ? a,.Jg ^il (A) J^-iJl £->jj j 

4mi ^ll — o ^»* » t l i ^5*" ^l?i* L*i [jui . ^* U\Jl IS" ^JLi* 

*-4*/^ J-i J* ir* Jl - uO^sil Jl f/^l 

. (B) J^bJ' j <>w» _J' (Capillaries) h 
oL^ ja oL>^ jl j»[ jt (discharge) J^UaJl (B) J^bJ' ^jij 

jl j-i\ { j-A 3 ....<?«il l_J>LjJ^fl ^J-A «iol_i-l 4 ...illl -LjLl J^*l *J^£jl <j 

(fusion) >;;. .-.<» wH* Jl fjg — J j Jr-* - ^ 1 ! 

^_lj>-l ■ ~2 1— ^ (job^j^Jl «JL>* ^"j^Cil pL-»*)lj 4j jl ^i^Ul O^Cjlj ^J- l jl-ijx- 

* *b' °W^1 <^' >^- (exocytosis) 

Jl l-f«i J* j ‘^'4t d* * ^ j 1 yi 

^Lj >!*J l jl J)j 4^.>».ll 3. j c»>ljLi<^|l CJIS" ll j . 3 j jl^Jrl 3 j j^*JUl ajjjJl 

£-\—Zaj jlJL*l iiUjb Oj^i 1 *ii # 1 f yA 0»1-U j£ Jb*rl jl j^\ 4...-.1' Lfjli ^Jk 

■ uij^X Jl ’ Jij* t>* 

4 «JJ J <--*j>»l 4 4*3 «ll Ij!A^ACTH) ■Jl O j* jP* ^»*l C)\ 

jrt^^j (limbic system) jLi-l jlpr' j* ^ jl y[ oL> jl UaJ 

jl y^_> ^ j_i‘ ^Jlj (Cholinergic neurons) U>kU j_* ^Jl-iM sSr -^*Jl jtfA-'j 

C^l_ i_Jrl Js-mj < Z J j *-Zjj . (_£*L*j y^ll 1 j^>~ ^Lc- 4.Tj\ .at.- C. Ojdu (^JUl jS' ^S...^]:, ■ 

i^ll^Cil ol d"~ J^ipl j _ oImLm! J^t ^ill JJ ^J l ^ . -Uj-1 ^LaP Oj^«^jl 

^ j. . a I I^vJ! ^^...aTj . 3«Ji-l ^jL>- ^1 j-a) 1 j ^ j.>.a)1$vJ 1 <-uUjjf <J ^>-ju ^ ».i Lc. 

oUjjI JaLjjl 3 _r«..*i C^.jj . 3 ...ji*\\ 3jjl ^i^jl oL*J-l jl J\ J ^ *~*i^ aj . 

^arjL^* jl ^il 3 jJ^ ^»j^(Jl ^LxaIIj jl 3j jl ^i^|l oL-J-1 o j^j ^ j....a11^]1 

. oLJUyJl Jl ^ (Venous sinus) (/JUj^ll s — Jrl J>-b 3 j jl jy\ oLj! dlbJ 



^ (_} J» qJLP y* j * ) 0» U l*P j*-~> 

^ *» *1a-.^' \ L^w?j ^JLjl jjl—lll 4- ol_jifljJ-Lj < J^-ta 

ol 


ADRENAL MEDULLA 



TYR = Tyrosine , PHE = Phenylalanine, DOPA = Dihydroxyphenylalanine 
DOPAMINE * dihydoxyphenylacetylamine, PNMT = Phenylethanolamine N- 
methyltransferase, EP = epinephrine , NEP = norepinephrine 


r\r 






ijijjji — ^ ijs — if 3 — O — * )o~ij^-^ ^ ^ u>~i (*— j-* 

ui* Ji p*d' <>■ J^-*i <^-dl (Phenylalanine) Oy^f j> (Tyrosine) 

viilij Ji Oy'd d ^ 

l ^j-tj£s\ 4-dtlli O^bpL-a il b ijijjj^ j£- y> •( Y*) <*-* J ^ip(OH) 

(DOPA) J»yA\j Dihydroxyphenylalanine v-d ^ Ji O 

<uij (Tyrosine hydroxylase) ^ i-u-S'l Jplii 

• ( * ) p-*j ^ (OH) 

ji 3,4 dihvdroxyphenylacetylamine (DOPAMINE) Ji (DOPA) J dj^ (Y 
J-pUdl j*j l L~S y j>S\ ifi- y^r ^ y> Jdlij (L - amino acid decarboxylase) *->.y\ 

. (Decarboxylation) -i 

di d^ 1 ^ 5jjl y^\ (DOPAMINE) -1' 

. (Oxidation) ojl~S7 JpIo odW jd j_J' 

(j\ (Methylation) <zlAz* ^ — J 5jjd— *T £■ jU- ^ ^ii^d-J' £ ./? ( i 

(jt (PNMT) dl fij * i O-ipb— Ji. ddl^ j il 4jl -tip dibw* aP^*j£ 

d ‘l—J' j tj-iMj (Phenylethanolamine N - Methyltransferase) j* — bU 

(S - adenosyl methionine) -1' j-> Jbd' **j+& ^j^' 

^r- p-d Aj.^aali Ajj \j » di ^ • _/• 0 _Jdl' I y i y^')j\ ,±Xj yi- yj (O 

-d' p-dy’i VA/¥' Ji d^>-^ “^i p-i dj • ®j'yi ^dj 

. 4j j\ y'yi a-~J 4 cL^p JLp J.t (ATPase) 

; L«-j <-i^^bpbadl dJUj y j*au 



ch 2 -ch-nh 2 

COOH 
phenylalanine 


OH 


HO-/ \cH 2 - CH - NH a 
\=/ COOH 

tyrosine 

I 

oxidation 


OH 


HO 


/~AcH i -CHrNH, Ho/~\ 


V 


\=/ 

dopamine 


ch 2 -<;h-nh 2 

\ / COOH 

DOPA 

(dihydroxyphenylalanine) 


oxidation 



OH 

ho/^VcH-CH^H 
\=/ OH CH 3 

noradrenaline adrenaline 

* The methyl group comes from S-adenosyl methionine. 


: Ufcjl jb\j jl OL^I Oil j^a 

: L» ^1p (Neurosecretory granules) w*l' 

1) ATP 2) Dopamine p - hydroxylase 

3) Enkephalins 4) Enkephalin - containing peptides 

. o>L-d 5j jl j. ? » i~j 

oL Dopamine p - hydroxylase Jt 

^ di-Jj tjL5" oij jjjA «—> 1-SU:^ L.^. 5j ji 

<3?^ f eJ jlu dJii ia-jjjj . a sjlp o!j 

^ v-r — "ij ■ (Dopamine p - hydroxylase) 
( a- ^ bd l c — £ ■ (j^xJLk*il Oy^-* ij <J1 c^jjj 


. receptors) 



(i j . j^A-l ij* ja& (Enkephalins) cAJu£j^|I ^ aJj 

4-«i^Jt <jj_» *a_P ^t_j£- ij — 4 ^*dt j^i> j j*> 0»L>^> ^il (iilj j». .<a« ONt 

£-> 3-Jl^Jl l? j— * oJ_P ^U>xJ a_j jl oLJLi&’^l ^jA J^iil jljJL* i ^lil ; j 

-* 

• yy^Y £* t) yL^- cy jy^ 

j 3 * — ij 1 0*1 :; : ^ <ji £jl y' ^ii^j ' 0 ^ 4j^i — L-j 0 ^ t -*-^" J 

4)1 J ti_A a_uJ j*-a>j (PNMT) — it j*-djj’i aJ j*j i yj{*j J £S\ 
(Mag. ATPase) — i' (* _ 0 J i ~ L ~* r JtJ ■ •a-’LJ jjL -kJ ^it (ATP) -i'j ^ j : .--p11' 

t-*5^ -ij^t-'J^'it C^Lj- cLiP (j ^JjjJrt "---S’* ty*^ *aAtjjSll Jtj&t Ol^*j 

<— «j*!>U.I (pH) it *~yrj£ (pH 5.7) a_j Jt cj ’L—j^JJ 2-.‘j9^X.\ iLlptaJl ajlJI < 

J- '* '*'-* x?~ *yj £ y~± t - 4 j*j (pH5.5) j*j (Dopamine p - hydroxylase) -i' 

• Hj\ y*$\ c-»l— -i’l y*j pjjj^ 1JL® ^Lo*] 
<j£il <3j-* aJL_P -kkiJ ^ .lia;* J 5 L»Ia tjji (PGE) ( jiaJ^L>rlLu»jj<Jl 

• ^W- Cr 4 Jiy^y j'yi J***- 4 ^ •JS& Jiy* 

: OLjbV ^£ jl£lU ^uJall jjJbxJt ^ .Va ;7 

I 

o^ApL^J Ja*i ja£t y» (tyrosine hydroxylase) -it pj>t >** 

0^ jJ — jj . aIb. jv-jjJ^fl lJ_A ia. .J!i . ( ^ r - j^.a^. 1 ^0 

A ^ i ^jip - a w>l Jb (_£ A^Jii _ (ACTH) -li 

_JI ^ ^LiJ j\ aui.^j j , jJUj (cAMP) -it (j* •*ty* ^i>«Jt ,J j^iUj^Jt 

Joju i ju-s J-jw ai c?iit (Protein kinase) jU^" jy jjJt ^', (cAMP) 

JjLjla ai\j J h . .1 ;T ^ylp ^Umw A-li-l Ja-lait jL-5^ ^ju jj>it aij . A-i>-t (j 

V . (tyrosine hydroxylase) -i' ^ty\ jijfa 



oL»Ja::K jjJU L-iut (tyrosine hydroxylase) -11 y— • 


(Dopa decarboxylase) y jl^bydl ^yl ^ y-J yj , *-***1' 

(Dopamine P - hydroxylase) ^>y\ jjf- . ^as- J\ y y y»> 

0 y^ji J . 4 S_j jl y*)|l *— *1" 4— ii-1 al j' ~ 4 y W ' 

^ . jsiU (CAMP) J» ^ j^l jftJtl j*> y (ACTH) Jl 

XjJsJ jjZ' jf ^Url JJLl— • ajs — *\y (JoJll Jjyj jj^ll <la— ly (PNMT) -11 j*^yl y 

Jl (tyrosine hydroxylase)-!' ^y')! (half - life) y*!l w-*~aj 3yi ^JLJJ 
Cr* Jl ^ — **& ) 4__L$jl (j ji aJLit) ( ^y»«ll a. . '.rll • . c l! ^ 

(Dopamine p - hydroxylase) J'_* (tyrosine hvdrox>'lase)-ll ^yi o)|j^ «Uj 
5-JU»l i)U- j y U5^ (PNMT) Jl jtjyl Jisu (Stress) yl! yy - 1 

^-Cyl a-iy>^ <-? f j*^ **ll *-■ i vJ*j • ■>' — • ? — * 

( ^_ip a j -Lilia jLj . (Dopamine p - hydroxylase) Jlj (tyrosine hydroxylase)-!! 

.-1'j <L y» ayil 5jjJb* j(i il^r'yi J> j£j -L-P vjyi'il j^-Jl^l! y* <LiLi?l oL*f ^y j£j 

(j-i J- 1 -*- 4 J' 1-Tftt OUi <£*)-> J . Oiy^)!^ <y jyl' a-sbjJ 

. olyN j£jt£iJ tfjJ. I j-Uiii ojtAll O/Uy^l 


: 4-l£jl J j5 3JLP Ob ' y y j\ j\ ^ 3 J p p\ 

■"f" ■ '■ 1 ' ■ 1 ■■ ■ ■ I - " . —— .a- - 

(Spianchic nerves) h y-i^-l jjJLT c— ^ ^L^Jl o/l jl yl ^L" 

l-f^V u- 4 Oi-lj^ ■ -Sd L-*jl yl o-ij* y y y" (Cholinergic) 

yl - (j^l ^ Oi - !^^" J i *i , * l ^l J Ml .aa> J , ^L?xl 1I aj y-w jil 

• .yj^^ 1-M'yl Cr* ^ fyr-ll^l! 


r^v 



L^LTj _ aJ^I y oJLk) AjJLiil ^Jai jt A-1S" ^U^oll jt iiljl 

oUU> OjJ-j- Ji — ^ ^ O^>0Ua 

<j l aa t jjy ijl . Aj^I . . Pj>P A. J-.; yu li! Ol j — »^*D oJb-LJ* 

o^U liJ . a_j .sIp j^jJI a... :J 1 o-£j (Emergency) l?j' ojVU- 

(Fight, Fright and Flight) jU^-iilj y iU o>li y y j' SU-lill o<U ^ 

•IpL-J 1 Jr' jf jy (stress) oTiJ- j 0 jS 0*L*£j jyJ 

. Ajilail C-»- \-$jL*^- _*! \^JL»P ^/ (Jtail 3' y*~\ 

: jCjliil JU*!' JjujJi 

J-usll *oi o^ ^JLll ^ — -T )\ olXIi J_i0l jCju : J ^JiJUJl JjuJl : V / 

; 5jLul Ai^iaiu aJL*j»J' oJLa ^JJ j . y.j^-t'\j _y3'j ijZ >^-ri ^J'-Xii' 

J. .. ,.»C «jJl,''^’\ AP 8ji Jix4 pjo aJ_, : (Methylation) *ly jpliJ ( \ 

J. «■•. $ *' AP ^jip aJLU-S (_5 (T) j*-*j A-» ^ip OjH ySsji 9ji ^JP 9i ^1' 

Corresponding 3 - methoxy drivative&±33) a^o j^oj aLU jl~-i j 5 jjlsM 
^~* 3 - methoxvnorepinephrinej jj j 3 - rnethoxyepinephrine ^a 
C atichoi O-methyl transferase (COMT)*y>i JaUJ' '- 4 -> f ji*j y, y y.\jy\ <h*- 

kJLjL L^.'i JLP Ljajl LfcS^ ^SJ«J JL^Ji (j! ^aP-'i/l ^jpj j I O . T > V ' a— -' j 

• Lop jJUL fjjhj y; * * j '^ r yj • A.y. ja a)' 

A»rbi^ O— «S*" ^il oJL.^S't l ^Jplxil AJrUil 0*1-5 y^ a.O-S^i ^jpLii 

^ T y a; M onoamine oxidase (MAO) -'' yy\ 5ia-.l J jCJI JploJi ^ 

jvJ^i 3 - Methoxy - 4 - hydroxy - mandelic aldehyde ^ »-3 yy 

. A - ti j ill jup JLw-jj Ajl j%p ^1^)1 j -L^vil yy <3 (MAO) 31 



3 - Methoxy - 4 - hydroxy - mandelic aldehyde 0 J (T 

iji\ A_Ja— I jj 3 - Methoxy - 4 - hydroxy - mandelic acid Jo * — ?- J! 

J j 0 Ux>? o-AiiS/' -iij . Aldehyde dehydrogenase 

. 3 - Methoxy - 4 - hydroxy - phenylgiycol 
^ — £ yS 5_laJ jA Ip J j— J' j J r -*- ^ 0-^ y j' ^ J 

uA; ■ ^ ^ ^ i jj-uall jf n/I sulfates J glucuronides 

: JL m UT l*Ji j,LJl o/>UU^I 

HNCHj hnch, 

I I 

CH, <jH, 


HCOH HCOH 




: I OUlgJl <J ^jhuil : UU 

Monoamine oxidase (MAO) -I' iJa— S ^ ^ 

^ s-r>* J-* 3 , 4 - Di hydroxy - mandelic aldehyde Ji <}y^i 

3 ,4 -Dihydroxy - phenylglycol J y^ }• 3 ,4 -Di hydroxy - mandelic acid -11 J**- 


a 


NH, 

I 

CH, 

HCOH 





'J. 


u 




COOH 

! 

HCOH 



OH 


3,4-Dihydroxy- 

phenylglycol 


: OL/tf /J&S iuU)t OljJisJ 1 


‘ JL ' ^ j ftJ_c- j' y jh a— yr ^ 

jl >jul rt«., 'o jjl oL — >y y jl y\ o J — jj ^ 


jJjcil (_£ Jo* <_$ <y> 6-ij-ij 4jrjJj y’l-^ Nj • 0^1 I 

,jul ^--1' 0 I - . 5 j i --^-1 i_jul ^-iJl I _/!j t j^l^ .wll i _£ y \j. CjU y oAa 

■ * ^ - ■'» c. ^rul y y ^*y • 4jI— — ? xl-»l I4I3I y\ i j\Ay>J \±j>Jh\ 

4..«jC)' ojLJ jUrl (_^l Mjl _^Jl ^-Ul \ ^ vill-L jji* • i._..ta l lj - . j -I 


i • • 



j j «^_. 1 Sl\ 5 j Jill 


4>U«3l ^LSil ^ 

j - ~’j <c?i o>^L»iP ^ip oU ja jf* jlpLmJ (Y 

(Jl >iilf»H £*Jj >.1. : ^- . (JUtiaJl ^1p IAjjjU &J 0 CV *" J — ^ {j* -hy (Y’ 

• (Ok ^L»- y*'i^ ) *\ o»t aJL y^%i, 

US" .*/. Y • JJ J** Am k ' i ) (BMR) 5p j** oil «JL* JjjJ ( t 

. O^Uull Vl ^jJl <Tu».t JjS" ^Lr CV " ^lpJlpUai 

j^.. i. p-S/' Ukjy U of |*^- jjij iilillj ojuJlI o^Upp <T 

LfcJ— jjiM ^Jl il^LdiP i^iojaj l».; ; .» . 

il^LiaP j^Lp oli jA jX\ «JL* JpL wj . ( J^»I (*~ ~^* *— ■’^ ■ JaP fjA JiJ 

a «— »i J^\ J 0 ^ ^ J £ *— \ O^LuSU 

cyj^ *u^' oj^Ia SjLjJ <o>«mIJ JbLjiwdi *. _Ii l» ^jA c-’U j -* jM oJL* ■K? O 
• s^> uJ ^ ^ \jJ Cj^.^*** J*** ^ip ^ Cj^ r 

. JLiJl ^ ojJJm o^Uj ^Ip jpLw (V 

. j*— Jrl 5jl j>- *^-y> ijA iSa\jja jM «JL* £-» y (A 

Oi— OUaJl ,^Lpf cii Cj*^ «-^Lpp ( _ r pLii*^ UiJ Ol*t*^ -1 <Ji (^ 

. c.^r..» jtuiA\ cJ^kJas- ^1 L^S"" ^li aJ^Uap y^LJLj^ 

jJj-mJI j^»U e>^ t.4T mi l ^ jj ^j—a oU«>^f j> jlj 

<3 ® ^PUlail ^aa At . <■ aaa^P L' ^-J'j eUiilj ^jUi-i 

C-»1j^j llJl ^jLJl (J^jJ_Jrl ^ LjJLP ^7Ua» 0»LjJLi^U«-ll-»jjiil 

4^ US' ^ > ^YV flp W.F. Ganong ^ !>UL ^iJbt ^ oL JV jSLnSOJ 

Lange Medical Publications , Los Altos , California j jlfJr'" 0 >*i' 



Effector otgans 

Chutinergic impulse 
response 

Receptor 

type 

Adrenergic Impulse response 

Eye 

Radial muscle of ins 

— - 

a 

Contraction (mydriasis) 

Sphincter muscle of iris 

Contraction (miosis) 


— 

Ciliary muscle 

Contraction for near vision 

o 

Relaxation (or far vision 

Heart 

S-A node 

Decrease in heart rate; 
vagal arrest 

b* 

Increase in heart rate 

Atria 

Decrease m contractility, 
and (usually) increase in 
conduction velocity 

0 * 

Increase in contractility and con- 
duction velocity 

A-V node and conduc- 
tion system 

Decrease in conduction ve- 
locity A-V block 

0» 

Increase in conduction velocity 

Ventricles 


0* 

Increase in contractility, conduc- 
tion velocity, auromatiaty, 
and rate of idiopathic 
pacemakers 

Blood vessels 

Coronary 

Dilatation 

a 

p 

Constnction 

Dilatation 

Sinn and mucosa 

— 

a 

Constriction 

Skeletal muscle 

Dilatation 

a 

0 

Constricnon 

Dilatation 

Cerebral 

— 

a 

Constriction (slight) 

Pulmonary 

— 

a 

Constriction 

Abdominal viscera 


a 

3 

Constriction 

Dilata non 

Renal 

— 

Cl 

Constriction 

Salivary glands 

Lung 

Dilatation 

a 

Constriction 

Bronchia} muscle 

Contraction 

0 

Relaxation 

Bronch-.al glands 

Stimulation 


Inhibition {’) 

Stomach 

Motility and tone 

Increase 

0 

Decrease (usualivl 

Sphincters 

Relaxation (usually) 

a 

Contraction (usually) 

Secretion 

Stimulation 


Inhibition (?) 

Intestine 

Motility and tone 

Increase 

a ,0 

Decrease 

Sphincters 

Relaxation (usually) 

a 

Contraction (usually) 

Secretion 

Stimulation 


Inhibition (?) 

Callbtadder and ducts 

Contraction 


Relaxation 

Urinary bladder 

Oetnisor 

Contraction 

0 

Relaxation (usually) 

Trigone and sphincter 

Relaxation 

a 

Contraction 

Ureter motility and tone 

Increase (7) 


Increase (usually) 

Uterus 

Variable*' 

a. 3 

Variable' 

Male sea organs 

Erection 


Ejaculation 

Skin 

Pilomotor muscles 


a 

Contraction 

Sweat glands 

Generalized secretion 

a 

Slight, localized secretion' 

Spleen capsule 

— 

a 

Contraction 

Adrenal medulla 

Secretion of epinephrine 
ami norepinephrine 


— 

Liver 

— 

a 

Clycogenolysis 

rinertas 

Acini 

Secretion 



Islets 

Insulin secretion 

a 

0 

Inhibition of insulin secretion 
Insulin secretion 

Salivary glands 

Profuse, watery secretion 

a 

Thick, viscous secretion 

Lacrimal glands 

Secretion 


L J 

Nasopharyngeal glands 

Secretion 



Adipose tissue 

— 

0 

Lipolysis 

Juxtaglomerular cells 

— 

0 

Renin secretion 


l.T 



S_JLjbl jtJLar 3 ...U 1?-*^ ■ *-*''!■»-- —.^1 tlT a 1 -itj 

a and P adrenergic receptors ^ i* <J » j bib>JLl b^bU ^ju- ^ap ji i-b-l 

ilsLijgf ) 5-JLsM CjLc*' j^-Ji Ai( (j(Ct) j 

Adenylate cyclase ,^-Lp ( p) .,<■ J_*ju (oUlL* f Jl£ll 

viUij o ^;<t i«« l i Cj~~* jst£ Jpb (AMP) -ll y i «^ j 

•«i .» |»- • » > ^J-S^ p ' ■•< pI ^ILj ^-H**-* 

L^w»lj i j-> _• j , (j-P’ 4-l*> bit (^j)i j f— O-t- . -jNLa-.-II 

J — . (oc2) — .*j (al) otAJb — -* J_»- _>j tJb-->- (a) JL *. ; — -: l L 

^j-Jlp (a2) o^Lii— J_- k*J l-* ; .) ^ j . . . J »l£)l objjf jjb ^ ^ J u ^1 p (al) 

J-i*^ j-* ( p) j (a) o^>LIiw. j-J . Adenylate cyclase -J* 

4 -P^j JUP ^A>”S/' ^lpj ^aJUp^JlI 0;Lr y*)J ^P 4jb* v_ *.*1 ji 

U^i j aJLJI ^lb (a adrenergic ) -kjjo c^>La:..»U aJL* ^ 

: *>L> ^LpSM ^ ta If-j ' J <ibit <*■ _;0 j 4j JsIj ^!p 

Epinephrine > Phenylephrine > Isoproterenol . 

: ( p adrenergic) J ^ - i v_Jb OjC Uj-j 

Isoproterenol > Epinephrine > Norepinephrine > Phenylephrine . 

clpj • o bS** ^ii d-b \ i i^jl ii*i^ 

^ ip 4_;ip ^lil ^ JJjbM ^vp^iil 

i^JLJb^Jl C-jb; Ot-S^ UlLb *3 {j* 5j>-llil 

. libit Sjbjj^l , • : j:,_U 


i.T 



Lilt is. — • ^ j£J L* (Blockers) jfl jt cjlkail ^ - 4 jujl ^yj 

Phenoxybenzamine j Phentolamine : lilt JJ^—i . 5 I «JL 

Dichlorisoproterenol j Propanolol : ^ Lt Ergot alkaloids j 

. Pronethalol j 

jk— ill XS jl j-Jail (j * -?" * <j-i j^-jl^ll Ji £ j 

Sil t .-1 as j~+i Ail^-^-l ^^S>_ oUali j ' 11 * jji y ^JlJLill JjT^tII 

4 ^wJ^JI ,_iJLi£- (_5 -t-.-L.ty olilau—^l ,J LLpj • ' i ji-l jt £^jill o^L- 

^iJl al>l ^ jjS ' jLM ji (Glycogenolysis) Oy J-u> S-abj ( \ 

. (Gluconeogenesis) v' y £ 

— ^a*il j (Gluconeogenesis) ^ — aJt>Ul ^ t/ajjj-i” 5 abj (T 

• UOl 

5 aU j L>L L~>- (Inotropic effects ) jL-^ty 4J — i*ll oljJbll ©atj (T 

. vLili ^La.*]' 0 ji 

. ^Llil J j!>Lty (1 

. jLf^l (0 

. 4. : ’Aa\ l <W*—jty (j L tfO Jl 0*1 Jj O 

^Jlp wLii Lu^oj) v^..JLdll ^aL» ^Ojj >>—-Lll ol; j^p 5a L j fill !»»■<» (V 

( cjL*V jj ill c*i* 

. O^l^P (A 

• OO^ty Jit \Sa ^ J?LJ j~aj L* 


1.1 



: jor ^ 

\-a§ J. : a: ...~.^ J^iLs* j^T jLr JJL£ ^S- jjjLg'yi 

OUjgf Jli^l J-fc-iJ Avsls- ^ 4 j pLiJlll ^1 p J jPf jil 

.JUl tJu 4) O^UUlil k-k^ JUl j£Jt JlCj . SLfcU J^b Jl 



BLOOD GLUCOSE 


BORNEO IN 
“FIGHT -OR-FUGHT" 
RESPONSE 


(PI) , Phosphatidylinositol - (PIP) , Phosphatidylinositol -P (PIP2),Phosphatidyl- 
inositol biphosphate - (IP3), inositol triphosphate - (IP2 , inositol diphosphate 

(IP) , inositol phosphate - (PDE) , Phosphodiestrase - (DG) , Diacylglycerol. 






JlL> J viLJ-U 5 0 j-LA- 4j>wi’ lilt 

. ol-L—J yi— yilt ajy ^ oljyiJ tyif Liall jjP (2nd massenger) SJll 
I ; ^ « ■ — 1 1 L a o^bj oJlfe 

jf L« <5LiJi y viJL yj (inositol triphosphate)( IP3) J' jj j& 


i ■ — a ^ Ljb^l A. « > j 4 CmA t j * » - • ** j* ^ * fc ■ ■ ^ Ljbb j* b 


Phosphorylase (b) Ji y£ yi£ c/ii' (Phosphorylase kinase) -J' pjyt f y— llSut obyl 

j! (G.l.P) oli — -y - N _ jji yL- Jjy-j iiaJiJi a jy-alt Phosphorylase (a) Jl 

o_si aty— * f-dt (j »jt yt yj jjf ^ y (G.6.P) obLy -. "\ _ jL* 

^-aP j k « ; j *^j l O-’ljvtU a«aJ* 7 a^b")|l ^Vjsli'i.y^l/t (Y) L^ a*.- 1 Jlij aJlfc 

J-JLs^ Lp ( J— *3 p .14 - ." y> -Li* Aj-pj , 01— olil j_>- 1 yu u 3 ~sil bt>L 

. (T) Lj ( ^ ) Lilt 0^.flT.,..ll qa ^yp y)t ala— 'ty »jvw 
Q j ^ : a; .~ll ^ — Lp a — o , 'i j2_ ■ IJ v^-'I-Lj^Lj yL*ri j 3_jijjJI OjL) j> yl> J 

2uJb yty ( \ ) L o!>LL-« yT ' j ^ jj . (Adrenergic receptors) a jt*')!' Ww y^' 
ahy> Lei' . (hvperthyroid state) 5-JjaJl oJLii\ -WLJ ja y j ^_—L5i' J ajb'Y 


t alt C->Y-L 



_L_1P L 


* — K 




. £ J±\ 


: Enkephalins Cl JU£jV‘> 

aJLLsII ol y — J' J>L>- (Opioid peptids) V y*^' w>tjy..it Jil 

uL jj^‘ 1 LJlj (p - lipotropin) OyjyyJ bJ' j' yi OY L^b* £w»l -Lii* . Li* lit 
L { j- t (ACTH) —It o j*. £-a — i^r- Jt Ly*- (P-endorphin) 
ol . ; . l L»iO*^l yi*j j . ^yti- 3 jJ ill <Ll *xdt j (corticotroph) 



a_JL»Ip j £*^Jl jj Lf»‘( j-L-j i>i s — ^ J (j j'' '•*''* v^-<U 

j (Proopiomelanocortin)(POMC) — 1' jj-fc o j£dl dU; j_p iLaio. (genes) 

-J _y* aJX) 1 J y i-ip ol o-> JLiJj . (corticotroph) Jl b!>b^ 

£pp a Ujl^ p ~‘Q J — *jJl aj^»-b\ ^ ai j—*' C-»b-i \ 

^_J j£)1 * ;; ■ :?) < s — ^ *-ij[ yV l oL -tr^' br-" (Hxocytosis) 

. U>-b 0!>L (Cholinergic stimulation) 

aJ^Ji ^ 

la .~T il 4>j£j\ J jj J>-1_P ( j_> 3 jLj>-1j aJP JUaiL-1 JLP ^->1 j Jl\ ^ 

Olj— ^-1 l >j-£> (Ji Laa „ .»l (Jiji • <S Ai* fje aAiil 

: L* L fut o y£ Je>\ ji^ Ujbjf J^iau . pj d^^ 

. ^ Ip £* 0 jj^\ j J'-f'-’b ts? 4-^iJl aii ( \ 

bSll Ji U-b*; d^' J c^> JJ y l j^S OjL^S" j£* (Y 

: ^Jb L» I^jla J* jj j y a * J - ('T 

0 ji£j ^ j.***\j ^.Jl A •*^>' fljb^ ^~A ^ Ji J - ■'b' Aj ^ 5" ^yT at ^ \ 

•d ^ <j >^1 dl 43xwS'l jdt <~> J~z±j . J ^Jl j 

. jtL)\ J Li yty f iibj (Y 

. <J^Jl j ijJpLSil a^bj (V 

• j a ~y*^' ^ a* ( £ 

: V^l j 'id-1 ^ j? t oJa 

. ^ -UjJl il)l c Uapl ^a ( ^ 

• */.j^ d^* ^ (^ 



* jjf *«— » gj (T 

• ♦— -'^^J ri 4 j-S>'b ^ jJl JLj# ^\jjj\ t £*^Ip ( t 

li^ j . S-UJLiJl { yA 1 j&ty jj4^ (JkxJ jt o^CtUil «JLa JT £l£j 

— * ^j, ijilS"" ^iLL* ojUopl i^xj ibiljdl or i^j««« all <l)L^- Ol ^*^-1 Si ^P Jj jl 

. S jm. 1~j* iji^ajj S Jbdl 
: Adeson’s desease O j ...— of Jf> j * 
j j ^ . ( J— Jl ^ j^kS. JbL^I 4j>v»ii _ < j/sjl) <j _ SjLill ^. r ^ai -li 

d -»;j.l i 0 j j^X> Uk^5”"i ^AxJl oJbJl (Jl -“»**■»■ I ^^i»l J ^ 0-IP j (jl^j^l ^Lp 

. Adeson’s desea se 0^— d-»^ Jt> /•■ J*> ^ 1-b* ^ — ij . ^ ^1' OjJb- c-kJ 

: 4 

. <^-X*il tibjjiS^jj«b'}|l (jA^ 0 > <aj ^ £-* (» . i Jl (\ 

. ^1__aJI ^9.h\\ (T 

. pjJl la«J> ( jMi*-l (T 

. J^l Ojl 4^ji (_J-XpLdJl ^Jl Jlxil ^J.i^lll <P j~» ^yXAi ^ t 

Or^llj ^yaJlj jXaJI ,jkL> j jt <^y y 0 jb 5 J»U*JJ 5j .Vp^/Ij jJJrl 0 (© 

, <»■■/> ^,...«« y Sib J 


. SJL»UJI «^Ju Ik^i Juw» (1 
. Sjtiil (Jl ,aST,J 0*i/lJ- l^Lw* ^Jlii ^?L*-£Jl « -^JpH J} Ciljou d»jJb" (Y 
(j**- 4 ^ (jk * 01*““’’ jf ** (jk jil l*i* (^f^J 

. li ^S'i ^jlxajl iJtll (Jl i/Im.hI 4j(j ^|» 



OLjtjjJuVI- M- 1 


: A 

4 1 . -itll ol) y* £j* JbJL*ii JiUliljoUiJlj / iil ^ iJLill L^- yl jjIjh 

j.., .»:it ^ip 3 jLl*SM jJrl ^waillj yJlj ypaillj 

OL-Jy jk>\ oJ> ol jjJU ^ ^l^Jl laJ^j . ^>-!yJl a J-* ^lp Jj\\ ^y'y j^\ ^ yi * r7- *si\ j( 

jf 5_J y yk aJLJk Oj'LS" 1 *1 y— < * Jb J jJl I (^yjLlil 4-oli>Jj 

^uaii-ljt Sj-Aiil 5yl?»Jlj{ yU'S/C jit ^yi»M y* ^*1 iyLailj i 4wiP 

•iil a .. lo •. j ojU yk Ujk <f 4^^>«A]^« 

• <X>^' Jl 

oJiil (LH) -Jij (FSH) — 51 y> j* j* * oL» y y 

: ^ * ( j^-uaii— ^ y* jjio oliy y^j 

Androstenendione (T Testosterone ( 'i 

5 - a - dihydrotestesterone ( i Dehydroepiandrosterone (T 

Jjjil y — y (estrone) Ojy— ^ J-i* ^ 5 j-bjjvi-^1 o>Uy yil ^•17 u S' 

. Lw <J» -up ^Till ^ 1>U I jji (estradiol) 
J*A j ^ * '^ i * ^ ' >y* ^Jb U<l (J^l *.!'.. -^ 

• y**^! -b 4*jy* ykl yJl Jbu J jliiL— < \ *A«< jS" JLM ^ 4~.«»i jfl 

: Characteristics of a male jTJ— ^1 OUUp 
_ o'f 's/I »jSLi\ A .:. :4 l y^'j y* 

«_*»! jJA oA_* ^ jU. _ j jUt) I ^ i:«j 5X» Jjb 

Jl ijJ >» v-Jr' j-uii (xx) y^ij (XY) yui^jr 


C^Ua-^Uxii ^ Jj V$«a*kj oU2»*^U _ o ^ Z tjr* 1 J 

ol—J j* ji>\ ji y—*^J 4 _aJU^j ^2—1*- (C»>L»j>— “'V' ) 

( ^p4 IjkjLtW 

Su— J±\ j J 1 ^— V M— ^ jty j\j*Z~[ j j+A \ j ,^5-jJrl 

. A_i^ji»l o*>LiuJl j ^ iiL J»^[b 5 j ^I liJl 

: Ol£*0 4 Sm> jSMJl j-ASjj 

■ (XY) oijS^I j! v^jJ' 0 

• i^-^' *=wO^' v- 1 ^' t>* - * j ■ - ; ^ --^ (T 

. AjilS^ 4-^^sJ 0>LU?rjjJj^|l £7^1 ^Lp ij-Lill 
. Pjjfjj] O ^l l A A ■ * - > 4yt ^ 


. £ iii -ii _jLJ' ( 6 

. ^ jj Ju ^~A ' S\ *W> j}\ (“l 

( jA^J i i Oli Aj?r ^ ^.....ft >J^Lw> AJIJ jt j J-*_J»J J ^il! (_£ ^5^ jljflJ' 0[ (_£__/ 

a-A)j . jjl j A P-l^JLi'^ (_£ ^ jrB all jjl .ii^l««.,l' L*-A Jj \ s A* / ? j L ^J> \ -) j 

-•-«-' JJ l»-l' Jj 1 ~ j! •---». jjjj^/l {j* j£i jjjJl O JjA-t £*jLJ O 

v* -- L*5~ . 4 4 i...-3i , t ■...'.^r' J ^ylazit (J - 0^*y ^ -ijt) l - *- » _ ^fcii Jj^j 

i jh .,»» tj JLJLP ^ jS jjl .li ^1 — Jl j\-qj£\ (J oL^rjjJj'S/l jji oL-i 

. A-jl 


IN. 



iSj A3%Jl 

jt * »»l jU ^ I^l V . stii- ^ 4y.««*. jpt £jA ^ -ill 

l7Llrf*jj%il ^ ‘_ .^\jt\\ ^jA joJaMj ( o^La] 1 obJLit _ 4j[jUit ^ jjjl ) Sjjl^i l 

( _ bulbourethral ^J-ua-Jl -sjiaH - *j ydl cy>L<aj jJ~\ — 

: The testes ^ 

~ J J 9 ^ °** ,/ (V— ->rt 

j . ^jvJ yali (jy 04 £•_/>■ ^^4 (SCOItUITl) ^--3 ^ 

4*_vwUll «jl 5_Sr ji , ; jr».7 J L_^bb tjji U l' T '^ * *' t3 s_»Jl3h A ■ . ■? i l I J~^' 

£ r lj&3\ <J, LAjjJj 4— -a>-l A^Lt~ Ojl j>~ A?rjJ fjL ■ ‘ ; >- d _ '’•»■' 4 Jij&ji 

iJlA fLji ^SaJl ^ 

' — * cil vJ4y*»^ (j* (J Ol-r^“' <J~^ '~* J ~ 

. Jl (^ijj L* (cryptorchidism) jc^ojU J> j*> 

^ (Parenchyma) gJ ^ — : j~» W" y 0 /o'j 

" oAa.Ij 4j^\j ^y> 4j 4 J ^.^..‘Kj <i?L£- 4 j 

Tunica vaginalis ^ju*)! ( N 

Tunica albuginea tUaJI sJMiJl (\ 
Tunica vasculosa (T 

_ i_wajU — 1 (j _ 3 j yll cA-jty Tunica albuginea tUia-JI ^ — ai ^ 

<-J V*" ^ oLla-/»U-l j£j iJL^L* o^ill oL-J^|l t J_iT j . (lobules) oL^awai 
V^" j^j • (' t~* A • • ) J-y v_i — ^escii *— ijiu L* jjl LAI ji»f ^Lj j . (ol* 

oU^I j ^oL7 <Lii* u oli .|> b:;<» jjP Jb^i> jUai ,j 5 j : ll ol -J^/l 


£NN 



v-jUt j pj rete testis a£La ^ U jjjo ^ilj ( tubulus recti ) 

V _/«*• 3_;^U» 3-j cA_~jty (epididymal duct ) £>j>M 

• oLjL^ jLiC. ^Jl j (Germinal epithelium cells) 

. I <!• J> - J* — Jl (Ji 4J A-jJ^ll Aij Jb>“ oU JW^I 

* ®-l^«lP C->1 — ad > £jA ^jS* «jLp oJLul* k_~5^l ^lp Aj yi! 1 ~-*t ;;;'^/^ J-U>r (_5 

^-a» ( Sertoli cells ) ^ __/« a«^»Ua U^L* 5 - a*-* jj j^\ 

Lj^ji-1 ^jA Jj-btilj aUI^- wLlCj 5j .. vjtl' ^Lp IaopI 

4 ~ >r J ^ J * idJLJ. 7 .Tail iIjLJLaP IaJUP 

jji 0^ -tiuu <»t . ^.Tadt ^lii! ^£”".ill <j ^ y odlUj 

A—T>UaM j A_*Ja>M A-w*y b!^-i ^ ^^aJbxlli ^ a! J—*> 0 <—?- ( PhagOCytiC ) 

^ Lj>U^ A_Jj ilj J^i-I oL^ljjjl ^jll) ■ * ■ *-<t _La ! j . Aj 0>L~J^U A~>» ^j 

Androgeno^-jj-^V^ j—* ^_y J' j^i (FSH) -!'• Cy j* 

Ca-^*- t) — J yjr~* jj-*j • J>-b Binding Protein (ABP) 

Mullerian Duct Inhibitory Factor ^ -k-i> ^ 

. ‘-r-’ ^ ^ J ^ ^ J^ip < J**j (MDIF) 

t*^-i Lr I,, a J ._ i l Ll>— A. ».».* A_«7r P^j«*^ AjipJ 

. ^JaJl A>Ul A^i-l ji Vc^r' V^ 1 
Oh 5i L j^>U-1 j _ (Interstitial cells) vt i-l j v^' 

^Lp _ Aj^ai-I Ojj */ o C 

d\ £ ^_i' oJUp iijk ^1 p -br (Leydig cells ) 



JI-! jS a*. Jl vij Ua-k£ U-j JU5I J^Jl o^j 

S^ ; _\1 Aj. .Vp[ ^JXj . ^ipj 5 a C»> b y * ^ii o jj^iil 

. C)jj> •**■■» j»«i 0 _jJ ^J j 4-4^LJl Aj>j^b jJLi^I 



Ji (ER) Jl J WjJi jT ^jil ^1 (M) Jlj olo-iil ^1 (LD) Jl >v <*-> jj 
. ^k-Jl 5 ^pU Vj^bjju^ 5$LiJl Ji (SER) Jl j 

: Duct system t^j— fl M l 

(Urethera) J ^Jl j-£ SLJ J jLil J JJL»-^b 5 JT f UaJl J^x. 

{j* Oj^ij . elijf 5^w»Ui\ 5 j ^ ill olil ^JL p ^UxJl (JLa ^J-aju j . L^j 

(Ejaculatory duct )5iiliH 5U5llj( Ductus deferens )JibJl ft U ^11 j (Epididymus )£>. 



tijl—Ji o->L! LkP j»jj j . jw> jwt i ^...f j jJlj 

ai-lSilj £t> jjJI Oi— i U til 

i_kPLil . “iSi .'««11 SjijjJl <JjL^>Uij^|l aJLPlwX. Aj ^ lil walJl^j^l (Jlilil * ioi-ili 

t O ^kil * ~ ^ ^i*lj ^jLjJl pl_P ^il ^ 1—^X1 AlSlftlt dlllil «A> , Ajljbr ^ 9^ yr _^Ll 

. (Urethra) Ji^l jt JQl till-. jjJI J*>U jut.j 

: M' *?«s -S'JjJf 

Seminal vesicles <-> _^il ji~\ : 3_> jjlill jf <^~S'\yS\ J-. u 

A,. wa Zllj bulbouretheral glands aJl!' Prostate gland 5 apj 

ftj-Jrl o j-^-> o»ljl ^_*1 oL-uar jjjjty j^-jU c~£ <j _^ ill jjjjj . Penis 

. A i.XP Ut , aj-Laii 

• •**•*' j.Tt a jijl A_jiP f^-^J wjLxot j •;'■»* - -■*! ftJLXj LjJlji ^il 

^- i PJ *j ULp-1 ■ - Tt <_JQl a .^-il-Vl»ll l_af . * A-ijil w>\_i (_£ .LM j 

J j_Jl SLJ jt JULl j( J} i-j-Lpli s_i»Uc. oijl yi j^j Cowper’s gland 

£T jU 5- (ji J ®i-i jl <jLil (J^ 3 ^ J*J ' ^* r jJaxM i_. wa .a i l j>Z*ij 
^-lil i w<^tl>l lil Aj ^*jil a-X-j^Jl L^jl ^->-1 a.JLw \ ...a H t ^ 1 <Zj^..~jt j+*.Z.ij . ^ ... »r-l 

^JJ^U a_l 1 — ll o\_jj»il J ^__ Ll 1 A..lv* aiL>- j_5 J »^.. . ■/a all i^.. 

: a ^j-li .*ji h 


tlr"* ^ Haploid _r^' c^_^i 

jl_^J-\ j ^Liil J^Lxil £-^>jtj ■ (X) ji' _/ (Y) ^-U' cr ^\ lyjjj'jjf 

t.\yJ **J J1 Jiiil ^ i j. (Tail) Jii3i j (Head) ^ )\ ^ \^.j^ 0 ^ ^ >i' 
y j Middle piece 5jau-^dl okiii j (NK) Jb ^ ^il ^ LfJ' jw<I ^i'j Neck iJj\ ^ 


t\i 



(PP) y ^JL* U yj Principal piece (MP) yjU ^ 

. (EP) U yj End piece 

</ j-z£j Acrosomal cap (AC) j' • J-L (* jv-^l eA> 

dj~&i J * (P) L J^JU- s^AJwb Ij j jZmA Anjifl.flil 

(ODF) ** r j ,i j A yr*~ ^—A 1 y* Ca* 3 ^ y - 1 » J 



: ^>ll J - J Uljf ^ Jl 

• 4 j l .«Llz)I oLili JJlftll v^*l jl jil Ja J ?- OjLp ^lll ^JL— Jl 

( Carnitine ) Oi*' jL^lIj oUjX^sUjU— jj^ilj y<*"^ y»llj 

Muramidase —11^ jk. .!.?»■ ^ ^*ia>l_i-l y\j ^yi\ ^J_!> o>L-Cjj*^l j_j juil j 

. Aminotransferase Jlj 



: <L*aiM OU y* _ (j y^\ . ^JLo.^Jl < r « 5 5 , ’jj! 


jj Urll ^ lc - o < jslJ ^ ll 0>li y* j> A ij?*- yi C-»1jjjLiJ1 ^a^Al 

OL^-*j 0_j-* (* ‘**1 ^ A-ij . ^llll <Jj.li-l <j} ^ 

(<1 xil cJ u$: .Jd ^ £-—J' j ( Site of production ) « — ^ J* <—*-^'1 

( Principal biological function ) V- 1— Si' v*- y> y~h <Uji c^jj (Principal target tissue) 


Hormone 

Site of production 

Principal target tissue 

Principal biological function 

teroid hormones 

Testosterone 

Leydig cells of 
testes 

Many 

Maintenance of functional 
male reproductive sys- 
tem and secondary male 
sex characteristics 

5a-Dihvdrotestosterone 

Prostate 

Prostate 

See Table 12-3 

(DHT) 

Androstenedio! 

Dehydroepiandrosterone 

Testes 

Testes 

Many 

Not known with certainty 

Estradiol 

Testes 


Not known with certainty 

'eprde hormones 

i_h 

Adenohypophysis 

Leydig cells 

Stimulate steroidogenesis a 
production or testoster- 
one 

FSH 

Gonadotropin releasing 

Adenohypophysis 

Hypothalamus 

Sertoli cells 

Secretion of androgen 
binding protein 

hormone (GnRH) 

Inhibin 

Sertoli cells 

Hypothalamus- pituitary 

Feedback inhibition of FSH 

secretion 

Prolactin 

Adenohypophysis 

Leydig cells 

Potentiates the actions of 


LH 






: Steroid hormones y j^l : *5fjf 

: Androgens (> 

4j cl. Jagty ^Jajj yS 5j C-*U j* j* yf- 6jL»p 

y-A 4_l^*zl 4_1 kS j\, mil o l*. - Ji \sj L$jT L^S" . £ jJi 5 j ^J lill A j .,~ ' .. J rl oIa*o)1 jj]ojj 
5-a-dihydrotestosterone — 1' j (Testosterone) Ojj^~ jt-3 j *bt 

0>ljb *-*^|l (-5 ^Vdl Cwj * ^ JS\ J) JjJLi^/1 j^Jbf 

. ( l ^r J>\ ) OL*jy\ <j 4 m . ? * ^Jl 


Cholesterol 


Pregnenolone 



Dehydroepl- 

endrosterone 


Androst-5-ene- 

30-17fl-dlol 



OH 



OH 



OH 



Androstenedlol 


5o-Dthydro- 
testosterone (DIIT) 



ir* SjU* t-V» ^ (J5 ^-A l .■«.!» 5_i U j5"”i 0^ Jr-~- ' j 

j -S”” -ill <j ^ ■ ** ■ 1 (jv— O^jt * -*** ^ *****^' ji ■ *’ j • 0_^-J ^ 3 *— j'i »^«>I.Aj 

y-^j c^L^»-jjJjSn t j-» jji - T aJ_p j' (/di'j 

Androstenedione and Androst - 5 -ene - 3 - (3 - diol Lf-^f o'^jT y>. 

j\ ^_»l Ju_*>j (plasma concentration) ^ ^ 

^ (Metabolic clearance rate) ^diil J-Wj (Testes secretion rate) 

. (O^*— 1 ^ f* ) 3 *,;•■•«;* _d' -i]' *_1 jI Jb 4JL»J) 


Steroid 

Plasma 

concentration 
(n 1 1)0 ml) 

Testes 

secretion rate 
(Hg/day) 

Metabolic 
clearance rate' 1 
(liter/dav ) 

Testosterone 

700 

5000 

980 

Androsterone-SOj 

43 

— 

— 

Androstenedione 

MX) 

250i) 

2300 

Androstane-3«. 170 -diol 

130 

200 

"> 1200 

Dehydroepi.mdroslerone 

504 

— 

— 

Dihydrotestoslerone (Oi IT) 

30 

50-100'’ 

500 

Estradiol 

2-3- 

10-15' 

1700 


O^—aj^A) -jljij O' Via ijj « ;: M' < 3d>«jJ' ~ i ^ u - J*° ^ of (3?** 

^ jlJ l^jJb / y - * 4 I <— 1 <«■!' ^ 4j\j aL j of b 

O^LfrLi; Q^j ^ j .— 1 (3 

17- hydroxypregnanolone —5' j-j j!A->- ^ J_jN' Oi-^i^ <i! p •- *' «> ^-d'j V-O'i 
. , 3 <l— Jl j «Lj l* ykj 17 - hydroxyprogesterone -i' ^ ^ 

^a_d 5_JU ^ (microsomal fraction ) y *jdd j o^Ulidi «ja JT 

l jjy—]aJ <>1 J.jl olj' ^-d-' ^llsrf Oi^i Cj* O-’j-Ly ,jd^j . 


l\A 






■ j -iJLJi j* Ji Jjj£ Ojjw-y— CS-J^ 

<y* Ak-sJl 5 _j ja yU ljj~A\ 5a- Dihydrotestosterone (DHT) -M j~*i j 

j» . ■ «] \—A £jA J&rjj )|l . dwXP’ jJj L-L-t 4Jj 1 * i 

p-sj j . (Submaxillary glands) *-£» j -lUrl j iwai-l j UaJ o <ol Jl 

- 3 - Kitosteroid - 5 a -Oxidoreductase y:yl y (DHT) Ji 0 y~d\ J'^l 
iX-fi- (j \ — x pty\j U j-U J> ^~il> l.i> laJjtj . (NADPH) J1 

Jjl. _ L-fcU y * Ji jf aofLJll Ji (DHT) J Jliil ^ ^ Up, . jjS\ 

• <U>-1 4jl 0>U jA ^ 

^Up ifjr^ j* l ’*JuJlai y-ij 

Jji L!U-1 j ^>Ulj (17 - ketosteroids) ( > V) ^ij Oy j>^ « ji ^ v **j+& 

. Androstanediols and Androstanetriols U 

Oji ^1 p A^tyzJi' ^1p CS^y£. y ^ ^ J— 

: Ua ( 17 - Keto compounds) ( \ V) pij dyj>3*> 

1) Androstan - 3 (a) - ol - 17 - one (Androsterone) 

2) Etiocholan - 3 (a) - ol - 17 - one (Etiocholanolon) 

jl ( Glucuronic acid ) <^yjjy y> J**- £>• C^UJl Cjz? -^ kj 

. jy ^ J} Ut j o> L5 ”* jA 0 

J_^jl j CijjX^y ‘X a'^S’Xaj ^ujoy 



0 



A 4 -Andro*ten-3-one-l7{a)-ol 

(Testosterone! 

ChHjiOi 



HO 

Andros t«n-3(a)-ol-l7-one 
(Androsterone) 
Ci«Ilt«Oi 

0 

/nA 



iv 

Androstftn>3(d)-oM7-one 

(Isoandrosterone) 

Ci»Iii«0> 

0 



/\iA 

'/V 


HO 


/ 


Btlocholan-3(a)-ol- 17-ons 
(EtiochoUnolone) 
CitHigOl 


5 j-i (Androstanediols) Jl (DHT) —11 J j~£ 

(3 - hydroxyl) J! (3 - keto) <y (A) UU-I ^ (T) ^Jj 

^ -i^ l (j ^1 A»Uapl JiP I ' 4-ipli ^JP ^rjlJ 

LjiliJj — 4_Jlpj . L^Jl aL»UM Ut»LiJ ^Ji^jl ijj+al I 

Oi*il - ( Methyltestosterone) 0j>^- J jIv 5 jj«* ^ Ojj^ { Jom - viJLli 


IY • 



^ a!** -Xjuc ^jiJj _ ^L L»j> k~£ j 


oh 

/\I/\ CH * 


/w 


✓w 

o 

VII 

17(0)-Methyl-A 4 -androsten>3-one-17(a)-oi 

(Methyltestosterone) 

CmHjoOi 


4 . .'..-prjjjo t JQ »!' jj Jtijjy , ,«I^[I ol ,,.C Of J j^JLl 

Jt— jf •->.?* t) oU^aj^i Ji 1/ <Ja-u 

J jj? j' ^*i jf JjjJ lO'i/U- (j liiJj )ajj . 

. Cushing desease ( ) J» j>. <jU>^' iiU- ^ 

U-i Ia^»t y<L?- j) ^ OljJlj olP ii.tf j <Ua{ C)jj£**t 

(Jj 4 .,. - '.; ‘ * 4j^>liil 4..-'. >0 (j^ 1 ** ^ 

^ JLM ^jjy *** ^**«*»*^ ^ ^ ^ <lj \ a «^iH &<\m j\^ b 

. 5— 0 >LLaJI jj^ajj jj4^ J} _JJl 

i >i .^a* ;jj-^ <j 4. cl OrP^i o>ljv— q i^-\ ^JT (Y 

L'1;.«jjJl 1 ^ ..—ill >» *• - • ; - -^* . 4,>1 * p 

. c-»Lj-sr L Jju <ll>: UL* ^Ip ** . 7 *^ 

. 4..;t1L Jj- clOaP^ll wUl) iO^Uail b^bi-l ^LiJ J> t J a-Jjji ^ ^-*Ji!i 

l— »f oL«»rjjJjSl J»l— So 4_j»rji ^_1 p ( ^ r jLail ij~—^ J -Jaill j^iaJ JLOu (V 

. jj-b’S/lj {j* jJ*f 4-^-jJ-; 4-— jJrl SLi-l (J^^- LfiJlU J jl j+.’~*\ 

. TOjjJl 4j^9xJll 4j C»>Ul 4J J^as^ j *J y^~ ^>1 J Ojjw* Jbj^ ( * 



^ LioJp i^jIjI J ^ Jj l* , ** ^-^ * * | ^‘^ ^ (^^Ji ( ® 

. Awaji-l <j Aj ^ ill oUl^ji-1 fjLj^- J J“^ ^1 

^ yjl JUp a) ^AJJI j q b ll clliP^j jJbirlj A^iAAil J-XVil jt jh t C)jj^~**y***~^ A*Aa (*l 

. yj- jj£e> Jl ^Jji U 

gl Ja P^I I ^j-lf' 4. ...‘ j A a^a; ^->Ji O — ->- l — U^ a j* Ojyr-^j ' -- '^ jW^i tj^i. (V 
L£ n - ; j»- jji—jiilj c3 _y , *“^ 0 y * _/* £■* »il j'-i-j j . 5 j ^J liil i 

, la A «f A.,^ l.^\ ^ a! il ^ A » ii ~J Ly* A j^ t « — i ^ Cj*^^** 

. ^S”"jJl j A.l Ja«H a jill ]a* 

clilj Jujj&S\* j-aMj JJ*~“ J^j f il^jl j 3!w>- ^Jlp Ojjj^— * J"*’^ J-i (A 
^S*-LSl j a-— ^> rij aJUaJ^I yA\ I y& J ji-ll Ojj o- ^:.~ll O^- Jjj 

• ^1 ■ — p i AAJjf AJr^l j i «l i AjL^w^a^I ^ , ^ ■ — fl 1 

. aj ^S" jjl AjL*<Lil oLaM ^jT *~~j ( l 

^ jj«Jl ^ ^ ... AyLj i^IjIjjJU a,, . ; ) ^ V 

. Aj ^. il^jl A^*i. t . ^ l ol fl j3 11 jy£j 

. £U, ^jT>l ^1 jl*U ^ cAjfr ( t 
■_£ i ty t-L A_jj;>- ^1 QJbL» » I ■* ,< -f' Oi*ri (Jj'i-i'l j L* 

4a1^> jj-Aj} Jjwl i-'l (J Ajlj^-jjJb^fl OU jA jil ^_il— £■ cl Jf'S/ vj j-it Jjjj . C->U~>r J jJj’S/1 

• l-fcj* Cfc* J-* l-«^ l-^-b* ^ jl ,J jl £jA 

T = Testosterone DHT - Dihydrotestosterone E = estradiol 



i-?* j-Jl 


byjb 

* cL«*luli dUjili ^U oljoL ^ \ 

— iTll^i^jjjJI — ^jjJl 4 j ^ »l]l 4 ; 1 sLJiM y£ 

• J — <J*^' cU- ^ii _ 5jjiii c^y^aj ji~\ 

DHT 

m 1 Ca<J (Y 

<J ^ { j~z> - Vj--«ixall J 4 j ^J liJl 4 ; .«.*.Jrt eLaP^M ^ 

* ‘j (jL>-^]/l ,iJLc - j t j\1 i*Zj j-ai\ 

. Jt— Jrt <jA&- ^1p yuiJl 

T 

: 5 JUi oljJu (V 

• jw* y 

c^L<wM jX 
oLU ^J- t yfcaJi gjy 

I oJipLiJil & . . X»\ ^L^p^|I 

T 

DHT 

T , DHT 

: oljjJU ( t 

^J-iiil iijatiil — y jLjJrl tX^jasA ( jjajL> J~£ 

• ( • j~~* - \ j^i 

• V-*^ *r^J^ JJ^ 

E JlT-il jy 

T 















: o' (Y 

7. T • M - J-3^ p^J * J Cf 0 J* A ^' p* 

f l - --» jji- j L^aJu^- ^ ■_* i3l3l <L^3 o 1 L»\ . «LwaJ-i 2yi.-j\ y oli y* yi' #JL* y* 

Si ^ iji\' (^ y—*£~ ' J— 3Jr'_* 4_ y .,ft.l j i JL_^J'j £*_U 

'jlp l_> oU jjw.', J\ oLjt jj-Aj'V' Ji ^-*3 pN' Cytochrome - P - 450 aromatase 

j oL^-J>— *^|' JJ-> 0 ^' <£->- ^jr*i j Jjjw-^-3 *}|' jijSo' 

: Peptide hormones L«l~3l Otijpi 1 : LitJ 
: Gonadotropins i*uli Oti y^il ( > 

i-j-J' L^sili <uJlI jy ^-fc — j jlS" Jji (LH) 3' ^ y y 

(FSH) -J' J _y j*j ( Interstitial cell - stimulating hormone ICSH ) /"-ill j 

jj-* L-jkj' yl O'JLill OU y (Follicle stimulating hormone ) J ' jUa^-1 

4 ,.;Ll 0 y — a yli Jyii' 0 y yl' 0 y j & 4»ii' jollll C— £ Aj-Viu' 

. ( Gonadotropin Releasing Hormone GnRH ) 

: Luteinizing Hormone (LH) -Jl ^yj* (( 
4ft • *' yj (LH) — 5' ^ja — — \y ^L5' <3 j' yj^ (3?^” p ^** pi 

yJI ji yJ\ j ( Chorionic gonadotropin hCG ) ,J>yi j>-^ u^jjy ^> yJ Oyy* 
j-t&j • ^>jl 1I (j j Ojj j" **yz*,s\\ yi**s. LLLJ (LH) 3' j'y^ yij 

0y-* yM '3jk yv 1 y>»3' 4y»li ^>l3 (LH) 3' CIj'jo'j 

4 .Up <^33l (cAMP) y-i y*J 4_ r j ^ i/33l j iJbL' j'jl^*- *LL-> j 

4_olj4 yjJL 1* jo (31 'JL® 4j'...v.tTj . Jyc.J ij^JLi L-iLM 4 I.J...I' 

. OU^[' ^ j*— Jr' 



: Follicle Stimulating Hormone (FSH) Jl Oy y (o 

id4j 5 _j jjdi j ^ Lj^>- joLp j->Ji 51 0 y jAA yj 

J\ y . »:il ^ ^LJl -1 -*j cjL*jw**^I #JLi 

^_Lp o jJ, ail a-X^-j 0 j‘«-«55 ^uwsj <i^i Ol j^A <j C* ^J~l d-f^Jail 

cl — £-p ^_1p 4l. Ai- ~« £_> (FSH) -51 j ^ j}— **^5 ^ j^Jl * : 5» *; 

iJLtc oLLfcP ^5 ^ (cAMP) Jl <j ^ y 4>^ ,i " 

• oo^ «*> u 

: Gonadotrophic Releasing Honnone (GRH) Jtilyj* (^ 


<,«. iJLii) a . j .:Il o»U y y jl j—*)} ^ «j.ll il 0 y y y j 

<^4 y . ^ * ^—»p cr* Oj* y yj (FSH , LH) 

- Pyroglutamyl -54 ^S/' 5iy» t.f Glycinamide -54 

: Inhibin Jl Oj • y (T 

JjiJ • ^^5 (j *— < a— ll O^La*jJ*l 4^>- yj j$* -ii\ Jj ^ y j>— 4^>- y jy 

oLj y ji>\ 4iLj»'^4 (FSH) -55 jl ji\ r ^JJLaJ 5 r al>«Jl j ^-La^ll) il ^ y..~* ^1 p 0 IJLa 

. j-Litii 4 j Jj 

l_Jt5l d-jLjl oJL^-^Ji • ij^J-> !■■ *•«* t jO JjT.1 ^j\7JL»-j ^a 0 y jAA I jjk 

Ja -i Jij \ t j • * • ^-ii m y Cijyt I— ~j 4_-JliJl aJk_^- ^5l 5_JlJlj ^ A^; • • • ^Ji^jJrl 1— j-> j j 

<JJ>L-*^i*il y-t -bjil *Uap4 y i* ~J • J>^55 (^5^ (/> j* y J* ^ilji 5-*^* 

. 4j^1i^/1 *Zj\jy jAA ^y JL P 0 y yil 5«1 a 



: Prolactin (PRL) j J (? 

{ Jt— •'*' ®1 j- •-* 0^' ^ Jjs^ {j* £ *ih fj** - j j* ~ i 

jjjji o^ii ^ij • ^bji jw»j bi ^ sjSm p-s 

£j—a ijjJt\S 4 .* £ ] 1 (j i» ^*JL> < jia\^iu^-\ 4_it V| . (j 

*A ■■■, +*A * c - , '-^"-JJ Jj '^' j'yi *4s» (J^ J 

oljt-»Ull ® J Wj N jjJl *xpI—jj . jj»» Ij^Ub ^j^Jl tLiui)! { Js- ( jcS^ , ^|jjJl 

J-S"" Jj L* jj— 4 -A-pryj . 4jJujj^—~*'y\ o»\jj >o1.1».p ^JLp (LH) -U *-g 

dJ^LaJ jJ-'j .^ip >jl» 4jJL«bJl sLlaJI ^lp cljtjjjU J prj 

. <jor JjJiSll Jbjj 4J jJll 

— Jl (j ^ ®il — ij j4 — ij Jli-I ^c?l„ .li O^, .0 bt J aij 

0 ^Jkj Pituitary tumor 4_-.L^i! ^ jjt-< SjUs^' s-'^ (hyperprolactinemia) 

,3 < Sr ua -^'^ tj^> « oilp Uj^L* 

• r->^' ^'->Vf 


m 



VI 4-' jj— Wij j_j — U' 

Puberty and Sexual Development 


•> ^5 [ j. 5 .^ j .Vti' oljj-ftlif <_£ (jjj vLjj Jj- <ib ^ JL)I 

5- *t-i v— JLiJl ^ j_LAl *:j . J— »Uill ^-Ip ^S” UJl J*£ ijj j* 

^ O jJlj>- Jj&uj , iJiilj i^L>uJl oJjlU yU (‘Util Jj Sjul^t 

jj-j* J* jil JJ^" 4-N*L»»^- 

jaj* j\ jJ\ s.xj Ji a ^^j-i (GnRH) Jl 0 ^* jk j \ yl «jL j 

^Jr\ £ jJJ\ JJ U ijJti *b‘f J iLob* y. Iff Jj o^a~ Ji (LH) Jl j (FSH) J' 
— Jlj (FSH) — )1 ( j— * J-5" jl yl J-l — kj> (j Sjdaii* Sibj — kilii ^\ iiUs^l _ Ji>- JLaij 
0^|l 3ijy y vi-i-ii >—'L— f jt . ^yj! ^\ y J5" <j _ (LH) 

: ^jJ Ij'^>- . i^t^cJi _ yU*ilj j--A' 

Hypothalamus - Pituitary - Ledig ceil Axis : 

: dti JB JSoJl Jiff 



t TV 




^»«^U <Ja — 4 _j -AP-IaII 4 ala'.I ' 4,1»» .*\j> (LH) — ll jl J~*ij £T 1— j> la -j 

£—*11 4 __>>JlI o\ j~J\ J»^ — ^ j — £j (Hypothalamic Medial - basal region ) 
fj-Zj • (LH) Jl ^ JT j \ yl Jl Arcuate nucleus of the brain 

jl jj\—t — j^l ^ «rfa* H <3 ^-ll — 4 

jl j-*\j ^rLiit ^JLp L w* -^1 V jl / j cjU— < V 

^JLp 4 ^. 4 : ,«r. GnRH — 11 la «>yj . 4 _-*^/Ij ^—A l S-j^L^l 4 _»jLil 5 jjjjl GnRH -It 

&>Cr* (LH)JVJi! j*-Zj . (LH) -Jl jl yl (_^1 aj Jill U^L 4 - <Lj^pI 

• <3 £*A-1 (_ii 4j jl-fA-l S JJ^ 

0 ^ ; 4 ' - >c. <A»L > jy 4 ->*y C>jj±z — -y — Jl jl yij CaJ*^ *t~j { J^- (LH) -11 J}i 
jJ-^-l^ (cAMP) -l! 4 j?Lo Oibj ^1 1^ £ J-l .yr jUi-l ^ift— Jl ^lp 02 J^r _*Il 

Dil_j j ^l ^ jJ J'^ jT 4j^A.aZ.-f. ')} Jji$ 1 J?L> jl J-^l— “ j . 4-li-l 

, 0 — . zl l 0 ^^ (LH) -11 jfv Upli 

^J-ll (^jI-.^C. Lsr y UaLjjl djl yl j*j _^-Ll (j-U^jll cl-^*4 Ja-I^j 

oly-S”" y <oLy 4., -.:Li pj_iii 4 $.; 1 > 1 ol — > y _^AI jl yi J-Ut* ,J^ij • (LH) -ll ^ 

til L $^J~i 1— ^ ll <3 ( J_^— "*^l J C-’Ll-ar jjJb‘S/1 ) 4j JjJjO— "^l 4- — -Jji-I Oli y ^1 

4 ji p ^ \ i rt^? 1 — > ’ vyl>^l' j l y 4^? A' '***^1 *>— : S <««« r . ^ ig\— »— * 

ol; y_w yaL^-l a_^p j ( Negative feedback) v-ll—^' J*ilLj 

vJ^jy . (Recovery phase of negative feedback) t_JLJl ^—£*11 ^*l-LA')!l 
jy jLT LlU* <jl v-~^*l' Jl-*»ty 5-^l^i A-v^l J-^LAJi OVl 

yy J} aJlJLC C-» 1 joU il-'l J l ?~1 J} y- O U-ar Ij <JU>L-?r jjJJ^Il 



jyt o>Ij £»U (LH) J3 jUipI ^^*Jl1 ^y 4i^i Ijd, ^ 1 ■ j .^J»t 

^ ; l*-~ 0^ -i— aI*jj . t— Jl_—Jl ^...-^.nJl ^jl-bp^l ^JjLiiil 5jL-i^[ <1jJl-£- JjjjCL^*] 4i jS' y 

_Jl K^S J-S" jt-jU ys- 0-**i (LH) —3^ Jl ^L p 4..,~. < C <]1 <J1Jup^I «^>ljyU 

L*^>- 3-—-L-?- i_?r jj (j ol jjJm (Jl A_iLj»^b ^JU ( ^_<* oj^-ill GnRH 

. GnRH -J» 0y j * J*il LH -U ijyll v^l 


: J/jwiL^. 4 

Hypothalamus - Pituitary - Sertoli Axis : 


Lj^p £_JaJ ii-l ^ ^Lil j A p-LjT y^it • jj^l l«ip Liajf , 3 * 1—31 

jl^Jl j^Ji; c — *- j *J^S j-^* y Sjj*~ 

Lj^>- ta — 7 Xj'xp . 4 _~«U«i 3 l yA FSH —31 0 j-a jAj 1 y GnRH -31 Oy y 

’ -J ol> oulis^j ^LJi3l J) <^y j~* 

(ABP) ^1^ ^ *--ll J V ^ 3a ;» jil j jJl o ,jj c-U3l ^ 1 


. Androgen Binding Protein J 1 jLa>- 1 

( 5j ^ ill OjIJI _^-L l J 4j ^iil b^lji-1 jjjajj AjSju ^ T 

. iiluii oUjw^i ^LjJi (r 

• 5^^iil o^ljl^-Ll ^JJLl ^lil 

• y Jji^3>--^[3 £^1 (° 


0 J~* Ij-Jk J^LOjl j->\ 5_J yil ol FSH — Jl 0 J— ' • y f-Lj J 

Jl Jj-V*" y J^' y j^-Jl f-LJiJlii ^la-o Si m«.X. 

y-4 »— Jl— Jl £*Jl ^Jl.kp'i/l j>jIJI p — ij kiXlJ J^b (cAMP) Jl £b>l c? J ^j 

dj-tj# ^ j-*i 3~9jy. <^yy 3 ij* (j* V^J'j Jl J j j-" 

y* !_<• oJJi -J-jJj L^j . Jy LOU^SjauJy A^lil y>j-*i yJJ'j (Inhibin) -J' 

(l 4jf 'i/I . j->-T Oi -^jj^ ^Uii V i/dJlj <Jlji FSH-J' jl y| ibb j 

</f-» <-Uj L-OL^ ^Jl aJIL^» J (Inhibin) J' Oyy* ikj’j Jj* ON' ^ 

• 0^» o>lj y jJb 4 - U-.li *j1joU (jj yJ J-v»L«J 

* jif 0^Js< 

Steroid Hormone Binding Globin (SHBG) : 

jf jL^y \_i <?>*_— j^/i i*ji yi 4 i/i jji _ o>u jj> i jjbti jr Ja-j y 

J_L Jlp J»-*j tjO J~! jl?r L -la** Oyjji ~ L>r Ji J • I- 4 j^AJl oU-Jj^ Or* I 

Steroid Hormone Binding Globin i -V*i cK 

^ t j- • • Oyjy.j^^ yj • ly-J' (SHBG) 

\ V |*_» j OyJ y^il a ji -*« Jj^i ' 4j -Ajyw-1 cf' j*<u of _Jk-l 1-iA 

-Jl _• Ojjsi— y— Jb JaLJj^l oyjjjJI 'J-k a-Jpj ( 17 a hydroxyl ) LJ' *y> ^ 

|Ja 3^~ j *-kj • c3 ^Jl jl Ojjw-^jjJIj J’lOj^l ^ DHT 

4_j j-iJl jl j3\ Ja oillj- 0 J t k^’l al~^l ^jJl 3 j ^l^j-ij — ^*1 (j 

.y'all J sj-Ty y 39 y }^- 3 °jfj yy. ^ (hyperthyroidism) 

jf ~* j i (O * 4 _jt— » tj 4 _jjj y? jj i“t_* j*-*i — —" i of a* - *^ 

f' i y -4 jji y yk oJy _^Url I Ja ^JJlkj ^f y of 4jf j3 . i j-ik* JO L *"V' 


. Jl oT y* aJU> ajLaj Oyy^l y* ■ s ' u - 4 ')f' -W ^ ^ 0^*^' O 4 



: Ob-r jyiM £ jJ-t (LH) jlj (FSH) JljtJfjjs 

(j—i jf o iljb jjO_ — <!>U (j — 4 — (_5 (LH) — Jl jj-5 

(cAMP) ~J' 4 -^ j ( Steroidogenesis ) oU LLa, 

jU-T jyjjJ' oUjJi 0 j£ilt (cAMP) J' . £-l) L!Ai. ^jtAJl *U^JL 
^JLil Jjl_*> j iiljj 3j- 1£ ob" 5yL-oL {j* (Protein kinases) 

• <J (J (hydrolysis) 
#-i> j&uj . Pregnenolone 0 j\ ^U*- jJ! J_^o j LJU-I 4sl — L- j-^j IjjJU 

J (FSH) -Jl jji ^-p L>f . ^U-*- jjJb^O UU*J *opl JpUJI 5 

. d'jJLiil dJb JLJ- 4 jL*1j ^JLi> jJLxll (3^^^ ^Jijb 

: Spermatogenesis ^ Qi^ s 
tfji-* V 1 ir > - ^tA-Jau^i gametogenesis ^j£Jl LUp ^1p jik> 

(J**4 J' £_ ^Jl & .^JJ' t) ^ j^’V' ^ • j-^l W j (Spermatogenesis) 

oLP>U]l ^Jp ^ill ^ *-Up JL^Jj . ^JUI jj^\ SLo- 

oU j^Al J J^J (_il 3-iU**^L L^J 4 ja.^1 4^ jJ ^J-l ijy i ./J-V.-J.1 

^ £_’ ^ *->“ Jj^j . (LH) j J (FSH) Jl 3— Js-i JOill U-^' 

: ^ J 5 ^’ ^ 

<f*j) j£r\ 4-LU (T £- -^J ( T ^ jjjw L^U- (> 

<^yilll jU*JJ 4-T>UJl (o (myoepithelial) SjLi*!! a-TjUiM L*>U-I (t 
(FSH) — Jl <^J_j^Jl l j—* jJ-^J — -a L^Jl ^jj p-*» j+^Sj 

jt j^Jl 4 -Up ^ UU by J Oj^~i UiJ J.Ojjw- (^U j 0^* ^ 1 J 

4-Up gJ&j jjlm J oldilj (FSH) -Jl 0^* j* O^i j>— ^| 1 



(FSH) — M £^4^ frLjt 0 j jy~*jz~mz!ft 0 j* <s 

j)—» *'*^1 £j aJ^P lJM — iA - 'y^S> - jJ\ ./g»?,-^« ^ ^JLi! -Xju 

j»T -« * <X>t-^j . OjjXU^^ z .-s zl I ( ^» aJLp o>Ip < jjU o jA L^JpIpI 

■ j (LH) -i' ijyj* Jl 5jL>^U (FSH) -11 Oj- 4 ^ 

• <Jj7 ^1 p ~° ^1 jyl7 aj^j (FSH) -it &y j^j 

• Wrrf <J^_>1' (JLs^l^l <jtj& “cr^ ( ^ 

. oUjw<^(l (J^^i la. ;*.» (T 
• Aj_^il (ABP) -Jl jl j*\j £rys\ l a . . *7 (f 

ji O^jji Cr* • jW^ - (ABP) -l'j . (ABP) -1' Cf-J*^ ^j^ij 

•i-^"” Jij • (DHT) — OjjjX— Jal_J j^| I ^_lp aJLp o j-X»j ^ » j • • • ^Jja- 0 jj 
Nj . e)jjy-^ ji.~."\ \ j^S' ji ^L_iJ j\ ^Lp (ABP) J 1 ' - 

J. . A.‘ A .1*P (j l— 4 IjjJ ‘ - *1 j JLJ A_il 'i/l . <l_ijjl A_jrj ^JlP Jjjl l-i_P jji ' i^-IL; 

. ^-XM <3iy» ^P lj> Yj . aj jiil o>l~J^/' 

A_JL*JtM OU 4b . A_J Q->1 ■ ..t^H L^JL5^ ^Ajy*>')j\ £j> aJL^P pjj J 

I ^JYl ^ j^J L^ip Lijj ^1-7 ,j$ e^«Al 0*1 ^lai-t o' Ji-uii 

. Gonocyte-XY diploid ap_^i aJU aJ— L ill aJjSM aJLsU (\ 

. Spermatogonium - XY diploid apj^' v‘^ vikJ' 2j>-l ,JlL. (T 

Primary spermatocyte XX - XYv'jXvj^'ap a^pU j aJjS' aj _ ydi aLs*j (T 
Secondary spermatocytocyte XX, XY v*jj^* j^'ap j^IVLjaj ylillAj _^l( t 
. Spermatid haploid XorY ap^«^1 «-V^j AikJl (o 



*\ 1 (j ^ jj— 4-LkP (J jiz^Jj 

vjJLw ( Embryonic gonocytes) jjioAt ^ _^iii iJL-LAl 

viJUiT JJaJj ^ — y\ j-i f ju jup viUij(Spermatogonium)f jjy*- y^ jf 
( Primary 4 _Jjf *—> y> 4, 4 .!>■ dJL— li ajo <J j-**£ j»— j . ^ j-Ml o~~“ 

4-La. y- *iyj> OA^- Jl - JjN' J' fl— *V' •*** - J y-^ ^Mjspermatocyte) 
Oy£z J dJUi JUo 4 -i ;r . (secondary spermatocyte) \ y\-> 

kiii^ y ^ 4P «-Ly- J 4.- 4 1.»» ^ vlAy - 

• (Spermatogenesis) c£>A' <jj ^ a -' ^ ( f j>~i jf ol ^ ) 4*ik; S-U 

(B) (A) 4.1 j ^-1 iAi-l 



(IB) Intercellular bridges, (M) Metochondria, (SxV) Sex vesicle, (Ce) Centriol, 
(PaG) Proacrosomal granules, (AcG) Acrosomal granules, (AcV) Acrosomal 
vesicle, (StC) Striated columns, (Rc) Ring centriole, (CB) Chromatoid body, 
(PcB) Paracentriolar body . 



Ojjti— ilij (FSH) — )' js jj* </T ^»*j ^Ip JJi (/I Osrjj Nj 

5-J-* L_J^0*-l ^*: S 4^jj»-jjUj^l ObrL^-*yi J*az*xjj J . A^Ajy ^,^ l iJL>-l £c_Jaj S-1-- C . J) 
— 4 ; ./3’j -l (j — i~»— Ol-iJ l $ ~. .; O^pLilll ^ip OJUj pl«Ipt (j bhj^laj j 

'“'* 0*J (FSH) -Hf jy J JW.J U 4 Jj^' 

^L-.T OLJ \ ^Y t (*Lp (I.B. Fritz) t/*Ul ^ij-3 c^iil j ^Uil J£jOI 

( JpL_ iJI ^ j ^*jjl I Ja ^ oLLp c\jj( i-J j* jk I 

J-. / .'aII *»^w*LM 0^ ijpj^l <jj • Sj J±~“ 

J1 — ~i _} • (LH) — )l J— *4 ] i>U>nI — *\£ Ojjs^— o^j 1 . ^•— i (Jj— 

i_j jdi o^L<aj^>-l JJO- j (J^T jw- tf^O 4^»Ut. pi ^ <JI jjjto X, Y and Z 

J j>L-J ^ii (chol) of Ji-e-N . (ABP) Oi- jj-^SUL -ULJj^U JjUJI o-jjJ' Ji* 

: (Receptor) Jl R J j 


Testosterone 


Leydig c«H 


Choi — S 

\' _ 

Testosterone j 


m 


Stimulation 
of maturation 


Stimulation of 
maturation and 
production of 
X. Y, Z. 
lecretion into 
adluminal 
compartment 






!! J 


Expression of 
developmental 
program in 
Optimal en- 
vironment 



Peritubular myoid cell 


Sertoli cell 


Germinal cells 


tu 



O^LjISm* JL>r iJu 

• C-»l jy U Lfj* j4^H ^ <*«— j ( ^ 

. ^ jJt — o>^Lua j _ ^viai-l i j5" .ill lJ iJL«Uiil *UJt}l (( 

jp- _ aJLM : ^S"jID Sj^JliSl 4 -— uA-l ■ 'jU-r»l\ j ^Ai*il tUaP^/i 

. obJlaJl _ J>jA\ 

, o - ijj+OLt iaAa'.U . _ ^j»L*V A> ^_?r 

. aJ*^1 oj^Uop i-Jbj olj£»U L^j jjfai (3 (Y 

— ijjj *JLiM _ ^Ui*il OJ"tdl ^JLiil - Jl\ _ ^l^Jl I j 3 ^ <tew- jf (T 

Preputial glands i-ilill aaiJl _ jIA-I c^- a-Lp 
: Antiandrogen Compounds SaUall OUT JLl 

<3 l-jbt* L* a^l -Jail 4j JUjj^7_ ,.-*^1 iOLS"" jil ^jA 

i j— A j . L^Ajl»l ^Lp L^J^UL— jC. J»lJ (jLaJ^l SjlnAli oU-^rjj^jS/l 

! L* o>LS”" ^ll 9 j.* 

1) Cyproterone acetate . 

2) a, a, a - trifluoro - 2 - methyl - 4 - nitro - m - propionotoluide ( flutamide). 

3) 6a-bromo- 1 7a-methyl- 1 7 P-OH-4 -oxa -5a-androstane -3 -one . (BOMT). 

• A*^ tal «<*> * O-'l^yU ^A^Jsl o^j-LaM Jot- J 1>XA 

* (LH) -J' 0 j ^ j'yi ^ 

. ^JUl J i£ j~A-l Aa..?7 ^ jyAlii (Y 

jjjJ >A1 ^Ljail jjjLdl o>ii o^LS*" ^ll ^gJ AJl ^ jT’jrJl <jw L*-jj 


IT 0 



Anti and rogene 



Flutamlde 


: Anabolic Steroids 

— A ia:> . Cijj*’ “• QjL^j l .««<» Ojl-U jy JJtl 

Cj^ i^«7 0»^Lja*il j JlUrl j 

cr**J * * 5_L53l 5 jLj j ^_! Lp j y>~* 

.(Androgenicity ) oli*o JJLiL j ^‘LJl J»LsjJI ^ jl>jJ o>L5" y> \J\^S 

• still j»-*t 

Nandrolone decanoate - Oxandrolone - Stanozolol 

: J <Jl 


Anabolic aterolda 



Nandrolone* Oxandrolone Sanoxnlol 

decanoate 


m 



^-lp dJUU j-Jl ^L-S/l -L-JaiU 

oL» jj-iity o^;2i*.««^ ^1 p {f viJUU' owl of tr, 4if Ni • jf .,<a»ll 

* k“j\.itjj^; --*^1 1 jmji\sJ 0^ 4 Jl^ti -t JT«» 4 Ip ^ — ^-' ^J_^-li 0 >j ^ -~ ^ ll 

. wJULT ^ip I^J^La U ^. 4 j <i j^lll Cjl-b j^.JjjS' j£~ jJbM 

. LpI 0 ^iuu}l ju U c-»li <jJ-0 ^?LuM <^,J> jS\ ^L L*->j 



Testosterone propionate 


Testosterone enanthate 


Synthetic testosterone steroid 


trv 




j Otu*- . jju !\ oU ^a 
Estrogens and Progcstins 


: U ■ 

DU QA JO J0*Jl OljdiU ^J^MJUj l <j (Iwlil i-Aiil L?r ji ^jiuJ 

#J*i| oA j* zJl&j -0-0>*I> iixJ 

JL<>k7 ^JLp ^Q L .« i *ji gj ^ — *^ajl ^Llai;\ ^ i_a* l j^-^j 

i > ^ p -wiijlij . j-3 JUll 

gfJ-T ^il |^4x)l >^1 «<a)l 4—> 4, . m^k 1' vlAjL— i»*^|i (jy Jplilll 

• <>w»^ L* 



m 





< J_J> O -till 4 _«^\j%JI y* ^JLatli 4 | .;ll 0>l — ' y jb>\ y* 0^ *14Cm j 

J> Follicle Stimulating Hormone (FSH) w^-il iJLaj jJ-l yJ 4-ill O^Al 
v_~— ll J Luteinizing Hormone (LH) I p— i-l y> <-il 

Gonadotropin Releasing Hormones GnRH ^ y j* j ' si 

• jj^tilj 4->lj^ill oJill IjLP ^i»Sfl .-'Ll • j^W 4 v^ljylj 

0*1_> y ji>\ Ljk j j ^ Jl <oljwtlJl • jjli _ 4->-liJl _ <oli y ji\ •/ 1 1-» la ; >j^j 

(Estrogens) — -^l 4_i jyi' o yj^l oU ^ili . 4 . .- ;A -I 

■ j p— -=M 4s;wj( ^ joT (^jJl! iji— I j <zj I jJL' (Progestins) oL-i-orj^Jlj 
(Relaxin) j> — J— t-* <,£ s_-a^JlI o>U ^ ^A i jjJJ 0^-* ViM' 

j jJdi 4_J.I 4^-_jdi 0 j+j (Placental Lactogen) w . t il < j^-yS' s i 0 y y>j 

J-J-l x^) oLjJ J human Chorionic Gonadotropin (hCG) 

l-ljL-Jr It. .„y\ 4 y)J * y jj y> l_jl Jl li__A --* 4 if- J 


jljil ) KP-Ljp Ji\j 4-J y jX\ ^IfcUJl (Jjllit ^J-»l jjill tL)U*j|l (j jji'j 

. <- r »L-aj i *^l jj jAI jj*di iiLjs^U j^Jailj ( Criil 

: Characteristics of a female ^^3 *3 1 ot j— ~ aH 

fl_jl (j _^-£"iJl 4 vji 4_-w j ^ 5_-y lil ^y 4..~:.,A-I^JAll 4 j L iiJ 

Oj\J Jb u I j Lj • o ^Lll c.i.M.jpl jl 

j^uAiii oxJiiS^ ^JL3^ • 0 

JLLup, . < ^Tiil ^ XY t ^1 ^XX) v-Jr' W^' 

J.j5^ ill ^ ^ <j (^“iW 4 (Jl 4-— iJ-l J-lill jtsi 


£ 1 . 



Ar'b Jl 3-»U*^L 4-Jai^l jt V-.y^irl jlylj j^ia^Url <jO^ 

1 ^ ' '* nltj . Q>1‘..* .~»r JJ& J *J 4 ; .oLoS/1 AjJjjjyL^^yi 0»LJ^» _jil 

4. 1 , ««Ulll 4>*_-J^/l jb*‘~“**b J J ^ a> <3 1 C«>L»^* ji>\ 

♦ tJjLL.tf Cm*j L—^ Jr jl v* ‘• “b b“"'^*“^ 4-L^P 

. <L^l>-l ^b S;?^ _^Jl o>lj. * 1' iijti ^sjLJlI 4..— ■ j»l ^-lill ( \ 

. 4*w»lill •i'U'^l ,j bjjJ J_^4 j ^b i j .- ' . -M o>t! jiA ^liJl (T 

. <w.Uil Ll^-ljJl J 4-TrjUi-l 4-— jJ»l cLoP^/l J J (Y* 

. ^:lr JL-luJ\j ^Us*.^» djJLJl (0 

• U JJ*^ iiSt tUi» ^il (1 

^ <a«~ l 4_J J..fji»ll 4_-?-UJl Cr 4 Js- 4 ^' oLi-^ 5 -*>.ji\ 

. Li <~?r j£,~.~l\j Q law-all ^Za./a\\ 

: ^! J ^Lilall jl^JJ Mj^b V^A)^ 

OLi jjf - ( QLja. ; > ) 4-— * {j* oljJ-liil ^Sif j ^L-Ljl jlfi-1 

. ( jjjj-Xill ) 4 ? ;.. Ul JJLitllj _ 4-?fjUt L-Uai- eLjapf _ - *^ > ’b (*“ > "J ~ 

: Ovanes ^ iUl 

£ jU>JJ (Cortex) 5^-xSll i—jT jdl i—^-Liil ^ JT 

i j- J , Jl 4 J.U ll o_ >• 4,. ja . A l «o^>i — joj ^ i-i ^ ol^j* ^jl j . J>-ijii (medulla) 
4 -wj-j <J>- jf (germ cell) vAr*- «-!»*■ 4 J/ ii-aj <£y*j • ^UJl ^-Jl 

i-j^Lill 4,..l.. j aj ^i-l Lj^li-l -l»i-J^j . 4_gj^Uall L^lii-l 4 a. la; <l>lP (Ongoninm) 

0 : — ^11 (^oplill tliill U^jj J-aLi (Theca externa cells) 

J*-J • 1 ^ 4-11^ ^5>J ^>>*1 1 4-k— jjl 4 jj 5^ jil 4ilfl~.ll ^ya-Jll 



I <1 


jhj j^iorl 3^xL>»t j\I*j lOljjilll JbJjJU 4Lo*i#j 

^11 4-1p 1j— > « 11 LlaJai£ ^L l*-j j . ^L—Lzlt 

. jya-iSll j*j p— Jrl l fJajj-J ^ S-Ja-J.1 


Continuing development 
ot follicle 


Secondary follicle 
and oocyte 


Degenerating 

follicle 


Primary follicle 
and oocyte 


Follicle approaching 
maturity 


Corone radiate 


Germinal epithelium 



Corpus afcicans 


Graafian lotticle 
disiended 
with fluid 


Ruptured lollicle 
Ovulation 
Released oocvte 


Mature corpus luteum 


Young corpus luteum 


«>- £ (oocyte) 


^ (Ovarian follicle) aLou yX - I j&jS j 


: Jbil p— jJl j IfK-X y (Follicular cells ) <X>aiy~ *X>\x 



lit 



(Theca externa) y * j J>!>U ^Loj^-\ \j$>- -l»l £j 

: JliJl JSC-xil J L S j \Cte- & 



oLl » p j y jUU 3-JLaj^i-l y ^ 


^ Wi.st^j . yi ] ^-lll 4..I4P .1^ <wauJkl *JLaj #1**^ 


. (oogenesis) ^-iuJ' y (Gametogenesis) <3 
^j_JJl -up l-ur ^11 j ^ (Spermatogenesis) 

SL.ji-1 fLjf Oij» J} o jj-l SjbLl ^ oLLap 0^* /Mil #1-3- (Jl ^ «. T . -* j 

Lj^U-\ j_4 ,sla_pf 0 ,^60 (Embryogenesis) y >. •>-* pL-^ti . i-ui-l 


4__Jj^/l i - J a .; l > L L^Jlp jJAa* L* jt (Primodial germ cells) v ^ jirl 


O-"* cr^* * : ; k*N f'— 4 j-^- j . v-^-' ^V- <J' J* (oogonia) 

Primary or Secondary oocyte ** jf ll fl\ 5-jaJl L>UU j oL* ^ 

OU& ** g=* tfiJlj Jij — ^)\ c LJi;f y . c j%^ 4^ ^ 


ttr 



(j—* (jL -S/l JUPj . 4- .Ua.J l 4-U-l ^ {J^i, jig— »M ^Ja»> <*Cj j*— J-l 

(Germ cells) v ^ JA C&&* <*--31 <3 j ^ya—U ^Lp <o^> ( j\— j^fl j) 

<^^l— *Jt i>^(l ^^p <-» j^A L^ji-I i_Jij jJj _ Juu . (^^l*il ^L— JL’^1 <4LM 

(oogonia) i.— aJI L*!AjU <JU - y Ji j— <^2*31 *>L*Ip Ifi* Jom 

*—3-\ ^ jji jt (Liptotene) Oi-'J-*^ 4-h>- j* — -JL'l _ ^ —a;* «i-— *- 

LJLlaM *Aa\£- (oogonia) *JjV' <-i~Jl Ij^AjLl ^iJULr a> . (arrestes prophase ) 
. (Primary follicles) S-Jjty * .. /» J l *-Lai jU 0 (mesenchymal cells ) <J a- 

j' 1 *'**'•; <ju » d j «1 * T ! \ «li JL IP 4-J^^/l <d*Xp ^*l-j — (3 j 

_vi «il . 1 J Jpf tU -> yA jt J^l**-*— i>^j 4 jt%-Sj ^ _^L3l -Up 4-aj ^ *_>Jl Y* * • I \ • • 

5_— AjJi J-laj . 4J— * i . : Yo J jJU ^JL Pj ^ -i 2-Jajj-j AJla^ ^JLdi 

ij_p jUpt (arrestes prophase ) jf (Liptotene) 'J* ^lp (oogonia) <JjS/' 

(J-^" <-’!w»tl)l «— A> ^Jl 4-1 *- jA ^y— A.ii “*;' V^JL * 

. OV^ ^jip J ji j}\ j*-i ji 4-J yA J* clJjjJ IT C— >- iJLfc J . 4 ; .- ~ . J r 

; <--a-JI 4-JjLl y ^iJl 



Hi 



JLp Ja\ Jli*S”j 

LI jjkJlj (Si >1 ) OL-J^ ^ VjJ > l ^ 



DIPLOIO OOGONIA OIVIOE 
BY MITOSIS INSIDE OVARY 


PRIMARY OOCYTE 



DIVISION I OP MEIOSlS BECOMES 
ARRESTEO IN PROPHASE AS 
THE PRIMARY OOCYTE GROWS 



MATURATION OP PRIMARY 
OOCYTE 


PROLONGED 
PRO PHASE 



COMPLETION OF DIVISION I 
OF MEIOSlS 


rx 


SECONOARY OOCYTE 


(22 + X) 



DIVISION n OF MEIOSlS 


MATURE OVUM 


(22+ *Hl!ys 


lit POLAR 
BOOT 

(22+X) 


3 

1*4 POLAR 
ROOT 

(22 + X) 












cy J'^l fL~i'h (Primary oocyte) 


£ j-& (Secondaiy oocyte) *-> > hll * ^ J; l l *-Lsu ^Ll o 1A* j . .juoAl 

• *bajjJ-\ I— <1 ,+/li ji- \.)tS,)il‘£ lx* j ^1j ****!' v_JLp( 





,,. :: ,;ji. : L— 0 A ovum 

/ 7\ B discus proligerus 

;V.v Q antrum filled with follicular fluid 

■■.<■■};} •, ® , D stratum granulosum 
V.i.;:;.': /. "0 E membrana granulosa 
i.C’ » *;X> -(£) F theca interna and externa 
0 G theca folliculi 
y-’i'y-/-' q H stroma of ovary 




: Corpus luteum j—~ — ju*SM 


(Lutein cells) j ^ 1— (J « 1 ..a* ^A-l j&-> 

A.,— l 4— £jU) Ol~^l>l (j (LH) H 0 JS 3 1^ V~ *~ 

r*V vlJUj ^ j*Jj J (k_-> oUij ^ys~.\\ SLi (^1 A-iaj ^Jl ^ t -< , l^ll 

Jdl Lj^A>- £— jaJ L>>0J-1 jJJlt o j£sjj . lpj>L j:> ■ (Lutein) ft! Sit* 

uS/i OL^ii (follicular cells) S-A-a * ^ L>^A4j (theca interna) 

J jili -Uj. JaijA 1 -A*i Ojjy - — 1 J'ylj (J1J& 




m 



op j> L^LA-I wU? Oy 
• yU<*S|l j*— Jrl tw—S"" j b-*J 



(OL— J^\ ^ fjj T ; N ) Oi*^ '■-'■* y. oju <jaj t-jAMa^l pjj 1 tiy» 

(3 l— 1 *•'!■*> b ■_> ( OL«J^fl J} N T I N • ) *'•;» * Soi ^*J!«jA-I (3 S^b^iL jJUtfSH j*— J?l Taj 
( Corpus albicans) cr 2a-jty p— Jrl> v_3 «Liu; SjJu^ SjOJ o 

• US^J^-^b Ojjrvi-orjjjl' ^ JT £^1 

*bf J ^Sli r Jrl o^i - '<- -Jay ^Jl <_yL*a>-l ^rj bl bf 

L>.bu fj_y {j-a ( Ql ) ^ju Sol oU ^11 5 j jl ^i^|l 

|» ,j-* jj—1 *il OjjfcL-orjjjJl Jti*ij . i y^fM t^’ cLu-J Sj Jj l» Lit jOJ <J^b«-*->')|l 

L*JU( U* (OL-yi j ) J-Jj usJ^I 04^1 Jj-l J-J-l j'^-V M >^> 

. UUI Sail J>U JJ-I j\^\ J* SiiiUJU UlT olX o/j ^ t^Ul 



: Follabian tube Oj. - ■ 

jf Follapian tubes s-* o' j-u; Uterine tubes o' yii' J 

Trumpet shaped end ci jJ' Lfil a*-t ^ 'oj oviducts JolA\ ol j-> 

U *f j . j*— ^ _^J' j'-l— (.5 _^aJ' 

ijA-j s'— i»f dJLi.Sj *— ■ » O*' ^Ja— Jl ^Lp ^jA Lw| 

i— >' j*— i j^' >• ’f <Oa£_jJ' ^Lp 

'i-i iJI-aSj-I'i J , c r'— <S' OS' J/j Nj . j' V4 j 

0 j£s aJ^AJI j 3 |i ...» aj. 7 LjJ^i OA>- 'i[ L*'. ftLi^^l' 

<j j( o : t) toUl ^ji-' ^Usi-t twilit ^u( S-ip ^ - ^i' o ^j-^ajj 

'i^ L- »f. frl^f jj-] a^ i\ j 'f~*~ j'*^ Jr (j O^;^' <J* j* (*■“£ 0 -j-( O'— >^' 

^ £J^ J** Ji O -a/ ^*SU' of Jli ^ j 0_*£^i' u Uj 

. an ectopic pregnancy 

«— »^Jli Oj'^aJ ^JLg-'uil j'jlJr' ^Lp j> ' \^i '■* 



HA 




Uterus 


• Ji-( ja APly J -aa dLi- _^JaP jr^l 

; 4 ; .-_.tj w>\jL l g Aj^J ^^4 j*J>- ^il jljjr 

Perimetrium j%-»- gi jt p-*- Jh i jL f» — -~ j 0 *- jli-l o-iaM ( \ 
Myometrium J>\ sJLop ^ — ‘ j ^k— gi iLkii (T 

Endometrium j*— ^ ^1 SJUaj ^ — j aJULUI iLkil (V 

4 AjJ ^ll ^OpUll 4_A.ki' ^ Tfl.lff ^_4 0_«— So c'-JLP 0 jLp j*-^- ^ 1 SJliajJ 

j£—*s^ v*- jUJ-l SJJall jJcJj . Outer functional ^ y' V 1- j^U ^-kM j Thin basal 
a_o1^p A-Jb jb l_$j Lj^Ui-1 jJS: j . >.:~j . ^ya^-1 ^L/Jl ijii cLjf ,JpL*j js^" 

. pi 3JUsu aJLp- >_ -S) j ^llJl jSLiJl AjLiJlit O’ljjx-iJl ^y> »U.Ia)I ^jip (_f 



(NCS) - tJ»!>bJl (NE) - Cx*- r oL-j-(Gly): j ^1 jLa&p^l 

. or ^ai J^t(FI) - iijl >V l W-' (SG) - vJbll (NP) . i\j& <^i)l f Uadi 


£M 



J-j jJJL* o : Y (js* L* 0 ' — 'p J Ak&j 

J-^'cMr- i- 4 jJj -bj^ 6-L* 4jL^j JUP jJLIL Y • • * * 0 * • ♦ 

«i^* U2J 4 y L t 4.<». jJU.ll ^ jpA«L 0i ^ V-r— ij • p-^ ' * * • Jl 

: Vagina J— — .$11 

J! p-J Ji—f (ii (Cervix) p-^5' Ji~f V 1 -^ iLii ^ «jW* Jrf^-' 

v,s~^ Cr* ~ (Vestibule) <**■ ^ 

L>jj\j L)^j*-' vJLLjj . 2 -j^Aj b^>- ^jA ^i»\JS- gC t jtj ( j**L*f ^Iw-aP ♦ 0^* 

V_-J L;>Ajfc-l 1 f i ' • j j 1* * <w «_Ll>-J . i> u»* C * “ ^ ' 0-b U.. .i- 

Jj — ■**-' u^- - p->\^ <3^ Jh^' ^‘.^' 

j*_y~ jjl 0^ — ; 4 j W7^|l 5>bil ^v* _ * ( Oj-^> L$J-s 4^_P 

. 5jil*jl AjOUajl L£A>-^ ( jf r 5-J yP ijU? b*^l>- ^..C ‘■ -1 ; '■ »- 

: wJU^l j J— >usJl j jjkJt OU 

I ^rUJ' *<-r-i^J.l Ob'^/l »_1 jU ja j£* ,J,^-^ ^*Ar«JL' 



Gonadotropin releasing hormone Hypothalamus Adenohypophysis Stimulation of release of FSH and LH 

(CnPH) 

Other 

Prostaglandins Fetus Uterus 
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Steroid hormones 

Estradiol-173 Ovary and follicle Uterine endometrium Cell proliferation 





ZjJjJjy I^jl 1 y ji>\ ( j-A ^j_Lp ^a...Ll O 

1— v j ^a. .J.1 I j OL-arjjUjtyj 0-»L»Jr 

Gonadotrophic hormones v-^ 1 aaiU oil y y J-U3 '-i* J~u> 

• _ ' . ' ** ^ c5 y * ^ i ^ ll o^IpLu ^ * • *j 



-OH 


17a - Hydroxypregnenolane 
O 


rXX?^ rrP^- r&& 

a^J^J o^J^J 

na-Hydroxyprogesterone / Andrastenediar.e DehydrocpUndrosterone 


Oestradlol-170 



Oestriol 


Steroid biosynthesis in the mammalian ovary. 



: Oestrogen* w» 


(estrone ) 0j>— (Estradiol) J ir* — -V' 

(estrone ) JT j>i*jj.Dehydroepiandrosterone-3'j (estriol) 

Glucoronic acid *ii-J jlM o.b j£}l ikj J>\ \^J\S (estriol) <J yj—yj 
. ^i_s1 j\i*j <^JLM (Estradiol) y ^y> 

,j-> (J -!*-*■ y cAS„y\ J— *Jk> j' (Ji JjJi ' iS y^i 

• Ijf £wSi L%S^ ^ Ojy*0 f Jl JS* y* ^ <S!^— j^l 


H 



Estriol 


lot 



J & \ A ^y~ ^***^ * ^£dt O^VpLj^pj ^— j 

«-r~ jj -*a-j ' jj <Jj-^ (A) *_SLU ( v'-'jjf) Oi-ri i ^ p " 

(T) <jj-> a jj (Phenolic hydroxyl group) 

0?) p*J ^ Ji^V 

S-i-aj ^*»ii (Theca interna) i-ikj* j-* Jj* j' O^S o j 

UT. J*t y~ j**M siAJ^t ^ (Stratum granulosum) V~*“' **^1 (^-k 

\ V {j* Jif oL»T ^ ^ Jlfi—j M oLi" jjiJ 

• jj«L^ Liil ^ c Uif M t 

J*UU 4lo/i vl-^ y* oy* 0 U'j^' j L*f 

^ ^ ■— , l l ,. ^ ^ < 2 • Lj \ V L)yU 

. ^,-wJl] iJ^oi jy i j 0 j>^i i£^j (hydroepiandrosterone sulfate ) -$' or 4 

(J5 jj-JUJ 4_J fljjJLjl (_J LfcyS^i ^jL— »)l I JJ^ Aj^tiil -L yr jl J 

I -L_A j*_Jj j kiX—J Jj £ ^L*rl , Jg-j&~ j\ £ aj ^~ (^* • ) v-^ J J £ 1 ail 

< j_j-LLji OJj J ^Jl <_) »•— * U-Jr JJ** ^ ^ ^*£ >->dlS-j . jlJxjI (Jj 

^j§ ^ a *j£’ j JLaj O^i • 01—^1 i3 i_4 

^ik>- J j S-^M #JLa 0^ si-*- 4-il^Jl oaiU 0 ^1 apL- Y t ^ ji 

. # j£ i \ -a £ ^j /3 j^*' l +i 7 l\ 1 TV- ‘ ^ • — ^* ^ j~>\ O^LpIm' 

*_ ^ . ?k ] 1 ( \ ^ o o jjt’ 2 j*j ) <Jj*^^ uid viAJi j£ ti jJUll J 

jj— * A—iili-’ 0->t_5jf j ( a^L-vx Y t/ AjAaa ) OjU*?t aj^ill 

I CjUaux^ll ^Jiif ^-1^5 ^|l OiJ C)f £-* . OjIU j . 0 1 j 


tot 



Estrone Oj>-i Estriol 
(o) V : t O) \ • : jA-r 

(n> rs : \ \ (TV> o * : \r 

(\ t) rr : \ • (TT) YT : A 

(V>) Vj> : jA (TjY) Ajl : ji 
o jji Jl I ol Ui (JjL-Ji ^ 

<Ju.ajy>- nja., y w»U y» yt\ oJLfc 0^ a ■*; IJlij Lj j 5J ^yaj y-lii JLP VA 

il)f l— Jajt ^wat; US' . L$jm. JaJj L^_l > j UjX Siby ^bj , i j^~ 

• ( j- p -~^r\ ^>Z Jju y A^bJl ojuiM Uajl JyiJ CjU^t- 

j*— OW jLSlP^I L£ Jyuiil oJLa (J^U- (J yjl ^ tpjl ^*1 Ji>-yl JLai ^Jj 

. ^ JT j^i; *^>b Sop y SjLp y* 

■ (<_r^' u — “) °JJ^' Jyr^ j j\j\ <Ja*4 ( ya*jjj 

’ 1/“^' Cr - J?* 0 ^r* r ^7 w ' i (/' ^U'yi ^ jli-ail <Jy ^ -b*-y! Nj 
~~ * 1 I'y^" ® J y-*il 1 a ^—iU* j>p j-^JLSr ^L-fcP ^^jTj 

<J) £— 1 i-T^^' bS*-l j 0 yijt w»Lp J-b >i— *- . J-fil 0*ijl j>\ 
*-~S { y£- ^i— iXll \_jaj\ (Fern test) j^-\ J-jc_o US' . Sjyiil oL^jy— 

-r-^J J— ^ ^'j'^-»i y* Up -Uy' jLip^ '-U jj . CjU^jJw^I 

4 -r— i <»_— S' y 4_*i ^lp -t>TJ b^i . ^yap^iJj ^AAJtJ 4_?tUtJ 4>i 

. { J* AjilS' C-*ij-S ' f 2 y J 'Js- tiiJj 


Sjj-iil cjj 
A ji Jb 

ijOJ JUP 

jLs>i\ (*— Jri 
-ljl ajL^J 



1 oe 











J—*i-l {jA 0 4I~Jl J jA\ oU-^rj^— *yt jl ^ J-l*4 itaj£ OjI-U-JI <jj 
"l • jj~^ ' g* ^* 1 *) 4pl— - Y 1 / j*-^*-l-L* 1 o 1 N o LajI _^ il (J-i*-* 

jj—ju li« «x^LJl 0L_> il 4 ? p^|I ^1 ^Ji — i-a j i . ( 0j_^— ***^ ■«■ <? Lp l ^ «.* 

SlLj jj oU-prj^— J_ r _ill *r*^ (j* L* tiiii Jj Jj l£j . 

. 4^. . il l £jj>: l*J _^*x L*jt j * i 1 ■‘•**^LJ' (* J! *"^’ 

*a-x-5' _^* Jl Jj — Ljly^r 4j l^ ...y J-wOl (J^^l^-X^l ^Jxif (»-*i_J 

d^L—5"" ^ll oJla ju**i 7 si...>- Oj^-x^/l .Jjt* yil <4^>r ^jl 1 U l - _ i 

■ 3^?H (J Jj* 1 fcLLl 4j1j jA O^^x) iii-J jJ j ^lj^i 

<i„..»«^»i ft ..xj Ll^ ^ >“ ^Jl ^4 (3^ <»l->llx?r J^xx^fl -tpLxxj 

^ «x«^l ^ ^t-lx l l Jl *P 4->L*ll^ fLttP y ^ip L*^"” . 4j^*j\ji-l 

^_4 ^J-S”" ?t Lx^ L_$_jajL4 < J- S tf I t ,— l\ ji L,.,xi?r 5_j>^^lj j^Jiil OLJ'yi J} ljyw> ^Jl 

. jjkJt Ia\j j jp (Endometrium) ^ J' fcUwj (Myometrium) ^ J' o^Lap 

<5jlj-J 1 — *S~ p. ■>- ^Jl 4jVjflJ 4 j JL«j! 4. retail jU 0 >Ll-?s- j^-x^l 4xlJ j 

^-Jj^-^l^lj ^?L_Ll (^j-lpl -l_jjJ l—^S"" . (J^l* . -jl jl ^_»l OitxJ 0_^^i JJj . ti ^Jjl 
~<J\> J^j l J.y> Sjab^ll J\ £S- Ojljtyi £y*sl IS .*J- J\ 4j‘UaJ J ^ JJ>^J 

*-J — * oL-lii 4_jstjii Lj^j^D (_gj\ ^-i^t -Wt— till L^jaJ oL» jJ^>')j 1 JLj jj J 

. 4_jjjU»l 5_J^AiaJl 4_I.kJ' v_j! J_a( J j_1» ^ JjjJ UT . Li 4xLia*3l AflJa.ll ^5^ yi-1 JslJllSlj 
^ o ^^Llail oU_A ^lJL»vr.«xl £^S_j C^Uxwj_?ixx^l ^j*al ^Uo- ( J-^-*ii ^?^Uall -ill j\1*j j 

— -') 1 ' jt-Jlill Ojli o»l jil { j-a <£*i £-i ^lil j^lill 5_i yt i L> ^ ^Jl ojI^JuJI 

Jl Oi-^-^LU-l JLhJ jJtill i-4^ JrJ 1 Cr* "^jiJ 

•IpLuj L_*r . 4 jjC^j 4jL^1 ^\ Cr* Ji °' o-ip J7j . 

• tLjI 41jL*_i- 4 4 JL fcp ^jAj JfJl ^~±J> 



0 jj-jIj ..h *&£* JjJj US' JlLiJb (j* ^ij ij 

'-* J} <_) Oj-^J JLa» IJLJ A JJLitil oljt yi {j* -AjJj US' .ioU-Jfjj-XiS|l £> 

. Of>LiJl v_~?- 

J— ** (* — j^lia j o>-*to £jy ^ Oi*js~''p Jjij 

<3 vs-y ^JLp ^ajJi A oi> ^«J>JLt-JJ . Jlljrl C> Jl 3 

. l^iTAp J,) yorjy-^t siiiij O i ***^' <-^ -M J ^-Ulj tLio-Sfl 

^JLp 4_ « jv_j^il oLt- y«-i j- 1 $ (FSH) -11 0_^* j* j\ j\ -Ja - rij 

o — Lii\ obi y (Oedema) yl ^>^5^ ^ 

. diiii jjJLII yty j 

fjJl L*j^ j us— ^ Jjs^' u-* J 5 " t/ y — * Cr* us*j>~y -*ijiJ 

ill jjp. ^jui yjl * Ui jlpUj jlj 4j^a Ijd , ci a ■<— > *y yaiii US' 

. jjdl ojljyUl < « ]ei *■ a aJujia i^jljylj (^1 (jorj^—A^U OlT U^ U oij^nA j^P 

. ^yi^U 4,. L.-' Lull aUaII o>- j^j*t o. jljolJ oL> OI j <J^a)1 

c.UjiP^/1 ^a.is^j j:;^ ^ l fc A-P-^Jl Of y ^j«Jl vl^ljrulsil y a*; US' 

• i^i U i- 1 oU»jy«)|l oj^...a^..«. * aj o ^. i 1 OU ^y^Cj . aj^.v.^1 

^rUr-Jll\ yaJll oLij t_£JL_!JI a^tu— j(j y^lj yi * <y yiS'l yUUJl 

•yUs^l j, — >r\j ycJf'j 

®Ul»j aj jJlI oJ^UdJ ^tijjJlj Uuiji-I ^ ^ y'jj\ ^JULlil jl^i-l 

• ^Uf-Ul ycsr (j 

•( A a1t . I I ) ^tilj ^U^IL AjaU^JI I y ja jX\ ^yawll jl^i-l 

. Ajyij ^lj jlS3i : AJ J xU aI 



^ ^ C? • j*X?r ^lp ^j^>r Jyw-'^J ^J^ Al^ > w 4 J J 

^ \_?rUi' JL-S^ ^JLp Cj^" JS” V J^*iJ' ^«**>*^ 1«XA ^lp 4i Or ^1 O-'tjolT 

r** ^ (Vitellogenin) — 1' ^ <~> j*t Cv jj. o* t_jr* *£ 

IJL* £j)j^ 3 j\jt^j (Tata) £w»jf vi--»-. 5J j^/1 (_) b<»\jb*y cMjobil 

tjl *j (Vitellogenin) J^jj* ( y , ^ i 0y"- K? »* ; ^ <*»—> Cvjy. j*-*jd\ f^yh 

Phosvitin j Lipovitellin ^ -^b* *b-»- 

rO-jJLP P OjL«P ^ip 4^J JlA- 1 * k -» ^ ^ ^uUi i“-*-i \ kXj]j 

. 1 1 jY « • <i jj b->*t bx^- ® ^ 0 ^1P 3 jL-JL» 0 *^~r! 

y~JL>- A :>x-lj 4 jjri— OjU 5 w»j)l C-^j; > Lli\ ^bJl J jJL-^-1 ^O—^xJb j 

: JajL> jl L— j^r o^-jsU jJ»it 0^ <^U\ <j 


.-*M £,b 

L yd~\ Jbu <-~-> ^)\ 

RNA Polymerase II -K <+ij\ 

<LLi© X • 

jJL** jA$\ j jjfi’ 4,» * \ > 

ujj *\ • 

RNA Polymerase I -M 

LLJj ^ . 

<Z*) In..... , , Jj?wJl A*mJ 

.j^IpL- © : T 

c' 1' (inbition^Uai^f ^}j -^ i 

c-»IpL- v : © 

RNA J » j DNA Jl ^ JTj ^i£)l j^Jl jJ* <ub 

aj-'Law Y • I N • 


IpL r • : t . 


ioA 








: 3 s^UaJl 

jy jll 3 X>1 — S' jii ( j^2 — HJ (J-Jjt <J} J L, i »l 

lj— ^ 'jft— ^ 1 — ^S' J> (j V_i — i_JlA <-Vj./ u -''l 

< ^ip ^ lU.x»t JL a\ j . L_*pU_*^ ^_*~iaM tj Lfc^" . 

OL-T ,li OXA { j->J . 3_-pLwaii yj^/l <J^rjJy^')j\ CjUS”" ^ llj ^J^/l X^LS"" 3 y*~~J 

: \jl^\ 

• ^ -Jj-Ij ^JLj / j ^ J " O l: l M *5"" jj-Vfc-l-H X>L5^ ( \ 

0H C^- , r ( i~'O 0M 

R| Rz 


(Stilbosterol)-S' J (Diethylstilboesterol) -S' v ^" y j* ^ oLS" «JL* j 
j* <^»ry ^S' (C 2 H 5 ) ic-^Or {j£- a jLtf- (Rs) j (Ri) ^ J5" 0 aJj 
. ( Dienoestrol , Benzoestrol and Hexoestrol ) J' Jl. <0 <xil oxxi 

: Ethinyloestrdiol Jjjpljx.1 Jjbx^t ^ (t 

— *_rf^ J—iJ 4 — (j ol — S' JA jj— P k_ r ^ll IJLa J 

(Jji-s'^—V') 

«_-Li*Jl otjs-iLii 4__^jLai pjJl J& AJlkpl Xp (^uJaJl 1 ^ 3JUi ^sl yk j 

• J, j • a jy^~ jlu: 1*5^ . x^ll ^ ^S\ 



lo\ 


PtKtnvIoestradiol 



ijv — 7 jA j( 5 j* N jS f± (OI—jY^ <j ) s A I -La 
' fl -a«j <J'.i^» Sj^j ajJl ^^*Jl L» Lilf-j . ^a! U j ^ -U:7 

(Mororrhagia) ® j'^- ^ L— J ^Ut o*U ^ J» «; ,.jj . o-lj ^ 

<_juj_Ji i^Juj T* " T ojJkj 0*1 jA Ajujf J^JL. j . 0 (J-btC. I, 1, - r 7 - 

• -l** 

^*ULi pJ&J £ LajI » ja-S" iJUi oli ^aj : Equine oestrogens -1' (r 

. (Premarin) jtjKA j* 

: i-£L»aJl oL-?-jjw*^AJ 4 ^-Va)i 0*^'ujc— 
Vl» «~ — 1 5_jPU-.a3l oUorj^— Y* _r-S^ (Stelboesterol) Jj J u-._ ?r L-Y' 

c? - ^ *—jUaPl JLP <uJl«i ^\Jijj\j 4JJ? s- / aj ^' J* C^* ^ “'■! 

: i-lYl O'VU-i ^ A^plwail L^- _•>— Y' L* 

. V-JJl iJiiij j^>- ^1 j£ *y**jLSj ^ jLJl jypU ( \ 

li (Kraurosis) <> J* j* wDi <~&\>- j (Itching) £ OtAS’l £ *>U) ( “ 

• yj* 4lla.U JjpJ ^JLr- dilj j , JLp jy>L> L/’i 31 ' 

. (Senile Vaginitis) Jr4 l j (V 

-_-L j it ■*- jSLi\ iS^z -Jl *J U^jj -Y l J O^ 1 jj * J?j lj£ Jk-«jC — J ( £ 

; . (Genorrhodai vulvuo - vaginitis) 

4) \Jl . LpL-*^ U^‘jj'^ t> Y^ U~~^J tj Jjy— ■" Y' ~J (® 

j*->- jl-Aw (j t/* 

^ iiL>r_ii a -iA j WJyw*Y^ . 1 j L i-*' { j ittJl . (" 

)JbLji> ^Uai Ijui ^iU^ll ^1? « « « L l j^| hj « tt 

• '*** ^ *$A j^i 



: Principal Antiestrogen Compounds W S^Uall oiT ji 

: «Jld» ^ J£>B a^LJI ^-Lil «Ull oL5" JLl J-iJ 

: ,^‘bJl <S Jj Clomiphene Os — v* ^ 



: -u-f >j Mafoxidene ylii (T 



: ^JLJt kS jj Tamoxifen j (T 



V j . Triphenylethylene { J^ OiV^' Cj* ^LS" ^ii oJLa JS'j 

Lf^r V cjL-T >1 dUL- oIjs^U ON' ^>jh 

• oNi; 


n\ 



Progesterons : Utf 


^ Oj-i/' Sji Y \ ^ A — r QjtJb^jfrl .«*! ^J|^— 

‘O') ‘ CO ^Ip v,r^ 

’ ,^'■—1' <—£” J t^i j*— Jr' Aps«X^ ^-LM 



Progesterone 


• 4*^^/' 4I -It c^j! j • ^ 'j'jJU \ ^ 

20 - p hydroxyprogesterone Ojj£~^js. jj-±* (^) T * 
10 - a hydroxyprogesterone 0 jj£~~*-jj> Lilt) \ . 

17 -a hydroxyprogesterone ^-5 jjO^Uj') W 

L- 5^ Ojjw— jy*ij • j*— J-' jy>j o»U *1***?!- *jS\ 

j\jj\ z^y.j • J 

ftjl j^. Jr' ^ji J>^ 'JU LiJLP ^Ja j ^J' Jju j' JUP 

LLflj (j-Ljfc j # J^i j' *^’1 0^* Jy'ji. •**? ,>*" 

j*— J-' ^ j^3 t^iuaZXA AlP L>jj ^jw. J 1 <» V • ^J' Jl o'ij^ Wji i»jM _ <r ^r 



djj ji dl j US' JJ5— ^ £— •* j 0 Jjv5l J 

yiLJjijjf dU-> J*-*- £-* JU> °* ® jj -* 9 l /-^ p <J <3 Pregnandiol 

: ^"L \J US' Pregnandiol glucuronic 


CH, 


I 

c=o 





XVIII 

A 4 -Pregnene-3,20-dlone 

(Progesterone) 

CuHjoO* 


Progesterone 


ch 3 

I 

CIIOH 


/ / \!/ x ' 


1 


HO 

XIX 

Pregnane-3(or),20(ar)-diol 

(Pregnanediol) 

C«H„0. 


01 u-^^. V ^1— i*J . — « N ^1 j>*U pS -i.»- di Ojji^— ^"jj>il 

U$j- 1>: ^Jl * 0*1 jvjCll -1— so VI j*— 4 -jUsu ^ Lp 0 ^1 0 jjd-l 

Ai J it j, i * i 4. ‘..Ill ^JLitLl 4^-iUi i^jVUsj fc>- 1 d^ Ojjj~-"^^*j>Jl *•— -* 1 \J 01 US' . 

• US^J jots O-^ (Uj ^jwl 4.-..1M i -) Li t jd^J-ut) 

J-iLi . ^-l>i' (_/2 _jh j US »j>— V' jih^ £-* Ojjer— * js->^ u^J 1 


-J 


' Cji- jj ~- Oj-^ _d s—iU»- u-' - Ol_j~U ^U-rl (J - Ojj^-^’jjjll 

jl^Jl (t-iUT ^jl ^UVU^il -kl-^ u^ l/ 3 * J#' ^ Jjy*"* ^ 

. d~*^ ^ OvjwL>- ^~ic- l*i-* j . 5... _;.j r l jjjtll oU 

uM“* “OJ- 5 «>* ^J” 5 (V* 





b) pi flt.w 4 4 j**_*1j Ojij ■ >■ 0^b_j 0^ -A a«4J^ . 

. (Pregnandiol) J jJl Ji> aJLuJI 
. j' oNL»- 0L~»-Sn ( j^- kj . (j 0 jj £-~ **- j jdl J-**: — 

. 4.*. ; .-!ki ^lp apL^j 4jl Jj (_Jt$^l IJlA 4_L*J % 

J±S J m 3 ?Q 4_-^»- ^1 jlJ b)b J ^aM G^-^P^ 

i ^L L»-j . <^.uM 4^«-»^Jij ti->L"^|l j ( j^g.« Ll #Li ^Lf- 

. *L3 j <^>1 - bS^l (> 

• obj jJj 4 — £2J 45"" ^5- ^ ; la«) 

^ a\JLpl (T 


. (Blastocyst) 


- j ^ *Uajl ( * 

. aj'iJ ^ll j.lijf _yl! (OLsdLil^i ^ - U -~ (o 
. ^^*->-1 ft'jjl (_^jl ^UiiM (*\ 

. 4j J tiji 4_*1>«-L)lj 4»... i . l lj Jl\ b^G 1 ^jLf- jjjw-Ji- jjjJl O’^A.41.,^.4 Jjr ^7j 

; 4^1 . T ..^ Olij^ jil 

J-<1_) ^4 %tX- L b) • ^-’b'^ LrfLllJb <jJulJl O^lJ JbUjtil 

,\ ^...^il v^Jrl jxill 4_J,\ Oj^.>l Jjt4 jJUl jljilj J-J-L* L^LJj! ^Lil 

w jj-a 11 jiPr- yS'tAMj human Chorionic Gonadotropin (hCG) ^ jd 

■ji^Jl jj»t}l Ji j j’i ‘ m ^ ' ^ 0_^4 jPj jb^^l 

. ^ydli j^j^\j J-J-l jjp ^1^)1 jup olj 4 JLA 


wT 



: Gonadotropins (FSH) and (LH) Cj\jy jil : 

J . 4_j^l>«jJl jj— ^ f^^l' JLiP 0>b y> jA>\ aJUfc S’ j <Li-*L> *baij 

f - '^i (Adenohypophysis) <*-^1 v*^' y (LH) A* (FSH) yyy y ^ 
Gonadotropin releasing hormone (GnRH^— il c r L *'^ ^yy y bkjly ! 

.0^/' fy jvp if yl J-*l ^p ,JI SiUs^L <j oU ^ ^>1 ijji—Aj 

Jl^ill ^_1 p ^ (LH) -1' J (FSH) -ii vV-T^Jl 01 

^ *U ~~ i '^. 1 ) «— •w^jjJI^ ( (j, -p>-; 1>I *ll *U — . I^ji ^ 0i 3r 

c_jll (AClH) —11 if-^ ; z. ; l' 0 j—* jAA ( j_p ,_ili^j . (^y L^S(I 

• 4 * 1^11 ^y ^ ^oii 
l*> f ^ b^l ^u- ^1 p (LH) J J (FSH) J» ^ JT J 

(Adenyl -ll (%-i^i 4 k— I bJbbl Jp-b (cAMP) Ji ^b’l 4 _u> b">bU oJu ^ JT 

LfcA^lS^j ^Uj .- • ^j_1p Ljsjt ( jA rr ll b^Lp- ^ y^j. cyclase) 
(Protein —ll f-ij\ (cAMP) —11 -la— . (cAMP) — l'j (LH) —1' o->l j^Ju y*>. y**- 
<J^olj> — — ^1 £- Lb'. Jb J j^JLl <-^Li4 SJL— LJl JLL-iJl Ja— ijj ^JUl kinase) 
4.....T bjT (LH) —lb il^i— i-1' O^bSZ— L < — «■ £ * ju -bbj ji Jbrji j . 0 ^ Jv^l J 

■ ^j> : -^ r jj^l cr* L-i" ,jyj (Protein kinase) J' ^.y\ 4~J (cAMP)J' 

O- I 4«l l 4 JLJLJI -I? ^1 ■ »« £ ** ll (_£ ^lp -b-A*ll ^ 4jt Jp 

j*-> ^1 y+0 b^b 1 - ^1 4^-i^l b>bLl i^y^j 4.Ja..li 4,1.^ jA-\ £waj j j^aZi 4 U -T ^il 

ojjj_U 5_jjj-dl 4 _*— kll jq — jU «jUp-L— 4 j Channing ,_/»>*l L»lj . yw>S/l j*— Jr' ^ 

— II j (FSH) — I' O^Lil— • j ijili-l 4_jl>^ll olj^_iJb ( ( jA r Ll jf ^..lil aj ) <L— uA-l 
oIjjju jjl (_^lllb (J^ljjilll ojjb i£3Jf j . 4— Ja— il ^Ll b^bp ^Ja^> ^ip 62 j?r jil (LH) 



Ij^b»«15 (Jj Jjj 5j-Ujjw^^l c->U y ^ 5j ^J-l c-»LSJU«till <j 5j 

. C-4jj ^.11 j AtriJlI sjyiti 1j^L>- j A. Ja..U <SA^h*^Liy-\ j 4**^' 

y- * JjSl' °iJl cl^-^ (FSH) — 51 Oj— * y Ip j_pat j *?^5 li^kLl j» t» »j 

(FSH) -51 -a {j-a \jS J Jpt JLp oiyll Up J *±il; g;^ vi-*- SjjjJ 1 

j a - o^aII ojl^ ^ iju y >* ajp n *«■ a *j IjJ (T H) Ji o^l ^ aJL5a Jipt^ 

Jj— ^ ir* Jy-Jj 1 — l Jl oL^jjJJ^Il L-fy)[l s ^"j 

J^- ^51 j *J»!>U11 b^>- Oji*; ^1 O^jj . (Aromatize) 

1 — •J - " . '. Jl oU-^>-_jjJjS| 1 J_^>- ^3lj 5—^' <j~>L~*-jjJ Jl Jl Jj ^ " 

. 4-sil l^teU o^UaJ J_u> (FSH) Jl £> J^l>y>U 5^1 i-sM L^J-1 JpLLS 

•'y— ^ i =~^' Ajjjjl ■ j . /vr~. j- 1 ~. a (FSH) Jl vjyj^ Ajl^«JLrf»'^l ^JLp a jJill jljjjj 

AiLjjJj A_ ,-i^l Lj^U-1 a ( JLp ii yr ^il 4j*y . a*,.—,/* J JLC- A_bj As^ji fjJl L*J^J 4 J 

^ 5a — 4 ^J^ (LH) -Jl 0*iLiL— » j— S” y 4 J Ailjj siJJj . £jlJ' Jji-il >-'^1 >’ 

(Luteal phade) yU»S/l JJ aL - y t-Mj < y lj . bl-ui—l «— >J o^Ull 

s_jajb!uj* ola .:.> i j-jvj cjLJI ajJlc-\ — Charming 4 ^^ Jiij . a— —J r' Sjjjil 

SjJLiil L_i A. Jj ..il aJL^sj ^»«JL 1 ^L*aj^>-1 JJL-Jl y> Aar-lj ( T • • * !'•<•) ^ijJrl Oj^5l 
inhibin —51 0 y* ^ j-^j ^ UaJ US' . (Oocyte) Liu ^Jl ^JaJ Ja— s ^JIp 

. Aj-iijl a-^UxJI ^y> (FSH) Jl Oy y» jlyl W z : t- > (/J5lj L-^-l lj!>bJl ^ jyu ^JJl 

C— 5-fTjji (Jl Jl ^L^rjj-b'^t Jjy£ (^ip L-^l J^l Oj-ii J-aTj 
J 6-' ,J Jl (/ a >4 y^/' f-J' J u^jj^y jf y j ^Jj'jI Jl if*Ji ^ <>iyJ5 

J^Uaj^ Jl (^iJ_j Ljf . A_j Jill A—aUlJ1 _ jjfi- I J& y (^~-^P (^JlJLzP-l 

: <J* (LH) J 4>*ij . (LH) Jl 



• ^ ^ ^JS** 4\l,m* \j) JjjWjxJrjjJl ^ £«Jj ^ \ 

. 4—^1 b^b^li Lf j ^At »*;;-* (T 

• L«iM b^AA-t £jA ili^-t OjLCjj^lj (PGF20t) £yJl (j* 4 Ji*^^L r L~<jjAl £^1 Sr^ (T 

C-^J JLmjj . yAi i*1ajJl>-j 4 ? Ja .. l l <JUa> ^A- l jb*jA 31 t^JLii <^ J Ji_J 

^_Jl ^ i y>^|l ^ - - A-i Uj^A^ 3i i«J*^Jiii b^bpj 4-^Al b^Ul-l J ^>oJ (LH) -A) j «. : .«. l l jylAl 

(J^JJ P ' J-*** ^ vla-x ^ J £jA & J^S" O- H.^^ jt ylj (3s^^ J- U - 3 * ^t « » 3' 

: (GnRH) JL-J-l $.uU i^Jll OU y jAI jl ^ u~-Al ylAtfttj-Al 3yy : Utf 
J' j — p. .U A l (GnRH) <^j ~^ ^ .- ^ A l Jt-fA-' Oj--* y ^ 

. i ; jJLii) 4- ^ ..U i_j JjlII S^LpAI W*U ja jfA 3 4 ; --.-Ar' i-Liii 4^..'.lt C->b' y> 

<— -*l-fj’ -up (Pyroglutamyl) ^ 0 * )o* AyA A y yyj 

• (C - terminal) ^4 -^ _>j _/A l V-frA' “U* ( glycin amid) j (N - terminal) Vr*^' 
3 om^Up Lj^U 1 - i i a (LH) Atj (FSH) A' ^v* JS” J' yl j «-Ij J 0 yi' 'A* 

<-> cj' jl— -'jfl jw JpLial £y (GnRH) A' by* ^ j' J>\ s Jiii a^LpAI 

cJ^-A ■ fAt j Ojju-^rjjAtj u^-jj^'i' 1 y£ j *4J> P JW^' 

(4_j^r^(»ll) xSi^JS'y JS'Lidl ( j&*; tA-A LjLfcjS^ (GnRH) Al c->b$jLx^* ^v* JjA*J1 jA*^ 

. ^U^tj I JT j (Contraception) J-«Aa »~*j j jAiAb S-^bLl 

A-*— sJlj <j j*aJS\ jit ^UtAo ^ (GnRH) At w»ijl j»\ Uj*%£j 

^l — »*)} u^Atl jJ— * jJ vl. -~f- 5_J ja jk\ *t ^ jAI jjA*j 31 AiLis'^lj . 4 j^j ^ tt iaiit vi^ljvL" j 

. oup’ ^ (GnRH) Aljt y\ ~ <^->t J > jit «JU> _ (^jj^jAt 0^ til L* Ju jl^ ^Lp 
(LH) — i'j (FSH) Al jl >t j j^s ^il j iJidl J^ty t c yA Uiy JlAl J£jA! jw ^ 

i Ji-»|j^l j ajJlAI 4-^LpAt ^jA 


nv 




VISUAL OLFACTORY PINEAL 



^ . la : : l i oJj j_-i cjLJujiii ( j-a (FSH and LH) ol ; y «JLa jl y\ yju j 

* 4JI1II a ] o ^\ j > jJLtxJlT 

Negative feedback v_JLJl s-*' jcs^S J*ili ( ^ 

Positive feedback v-^ J**)' (Y 
Neural components « oU (V 

HA 



■ *-») • Jjd fUiJl iJLi ^ j£d (_^1 ^sLAJ j! 

<3 Cf~* (J - ^ 3_J\dxP^fl (J\_oS/l £> <Sj> 

3_~*VLi ol.i.'-j^ S^y Q& c^Ua^-^JLl 0?li» £j . ^L'i/L j~k\ ^Lp Lfcj^jU 
jjA i j^9r j! ^-\j^t\ Jl A..<»; jyl ^JLitM w>L> y yk 0>U jl— (3 C^lj(\JcD 5_?r«— X j" 

(£ j- 3 ^ jjyJ j_JwUPj . (GnRH) -il jl yl o>ly^/ 

_)lj (FSH) M jj— ^ jj— > Ojyil ^ yj ‘W’lj- j jW2~ j 

. (GnRH) ^ 5ja_»~l ^ 4. ,...;H SjjJlJI a— ilr?*-U ^J^-l j3 <i J-ii^ i-j*L>«Jl ) y (LH) 

<LL- 4jjl J>\ Jl yl <d jl yl ,y<aJl Ji (LH) J' J l£ - illj 

■ 4jU.*.. 1I «^*tj ~yA yX\ ^Lp y^- ^^ 2)1 

J-£i (Steroidogenic actions) ^wbjjji— ^1 c^l jJlill ^ yJ Ij^aJ ^k*j Jlill j 

: ^yUl (LH) Jij (FSH) J' ^ 


I'M 


prostoglondin F prostoglondin E 

J i 


L H 


L H 


1 


FSH 


i_ 


cqUchoJomine* 
i 

_L 



1 


lreceplor| | receptor receptor jreceptor receptor | receptor 


nr 


/ 


phosphorylase 
amino acid transport 
ornithine decarboxylose 
glucose oxldotion 
loctic odd product ion 
RNA synthesis 


estrogen ♦ *-♦ progesterone -e-pregnenolone 

I I 

(thecal cell) (corpus luteum) 





: Inhibit! Jl 0 liJtt 

£ r* '• <^jSj y (FSH) -Jl Jy j * jl ji[ |» J a ii 0^ *15" Jj L» Jj^l-dl ^y o. » «. * r JLaS 

^_U £_Ja-^l 0 jP Jj J» ,^P Uajf 0_^s Jj *-. *4—^' 

OjU^I j A_jOa-.il iJLaj ^J-l y jjh jujji o jLp ^pj . (Inhibin) Jl 0j>^* o-—; 

,^-Lp y~SS J-** «J OLj j^ij • jj-S -J' j j Jy>— y j 

Guillemin and Niall y oJj . (FSH) Jl 0_^*y j' j\ JJiJ v**^' j' 
o — ajj' — jj_p o -c0L^j oi-'-'^j y <jj— (Inhibin) Jl 0 ^*^p jl Jl j^j-ipL ->j 
U* f 3 Aj • • • Lyjj !■ Oa^ 3 f t y> (I— Jl) Jjty A_0UJl oJL_>- yl 0 

. 3 t j • • • y!j jjO lyjjj Li-J L 0a^~ \ ^ *\ y 0 _S ••■> (l-ri) A-ilJl a-jL-JI a-L»- yi 
(Inhibin) -Jl 0_^y* j A_-w.ty £<UJ o>h yS J ajUo" ju-jj j 

y Uai ^ . jLo^l j human transforming growth factor - (3 (TGF -p ) 0 L*ip j 
i«— Jl y j*— pI y£- £-ijy j l* H. 1 '— Ji <_ iLO’^U U-fL* JSI j J-zJl -►a*-*- j OU^l 
-Jl 0 ■ yi ( P) a_-J I—J l oJu»- yl I r..*\ rr ajLoii VaS~ . Cysteine a.:~..J 1 yalf-i 
£— * ^i-oJl Up -y^} <r~r* Si\ £>- J/; . (TGF -p ) Jl j (Inhibin) 

A-i-tj (Inhibin) — ii 01 -ULuj aJI 'i/l . y ^-Jl U j.l-?LoJ JaL_Jj <_sf ^ y j ^jlp 
• (FSH) Jl jiy*) 1 A * .] a ■ I t— «jL>r Jl A-— jJ^l iJjlil J>-U Aj»i— . i^/l y^ A...U -.7 


iv. 



ui-l j^kJl j £ jJLJl 


Puberty and sexual development 


M 4 . j.'.U 0*L_J y> ji\ 2 ^ j Lil 

or j jivp ^ 4j( . (LH) -&j (FSH) -i' oU ^a ^aj Gonadotropins 

(j&r JJ* 0>b .<*.— -A Ji oJLa cJb ^..,..,7 ^ 4 1 (Jjf Jb -b*JI 

a*il jLfA-t 1>? -U jjJl' J-r* ^lA-l i>* 

OjjO- of Ni . ^ (GnRH) Ji 0^y> j»>l JU*>' ^l^U^J.1 j 

C->\j j . ' —.~* o^L-J kxt^j Cj5jS" L g : .^».l ' J^J-i o-L-^“ j jijiJ 

-u* j (LH) J j (FSH) Jl ^ Jf j' >1 «L j br j! i>y j (GnRH) Ji Lu 

N j. f ^JULJt (LH) J' j (FSH) J br* (3 ®^bj ^'j /•»< 0* £ t £ 

j o>;jJJ ail jj Ju*~ o ^Ai a-bgj jaJijij . a ^AUaJl aJlA ytj 

y o-ijZ j oijj; mV, j ^ It (LH) Jtj (FSH) -II ^ JO ,>Ul S_-'— 

_*-t * _ . . i L ' *S-i\jjj j. : , — *)l J a-Lj^il o j_* -J — j'j C>1— )/l ^ 

. ol*)ij Ja-j^i j* .t»j (jJJLiJlj O-'—JJ cl ..rtP^li^ aJLc-l.- li j ll^t Jb\ 

Oi jji fj o j-b>- jl J— *i Ji Ojj-i jf c Jb Jju LjJjji aJiA ^J^aJ j 

. ti-* ,o ®ji ajj J. JT Jj ^yaj ^^4 0>waj l>j 4aj lll4 4j 



J i_JL*t=II 3jjJ Jl 

The Female Reproductive Cycle 

(_? a pli>f yll J 4jJ y* jkk Ojljjilil ( J_^Li7 ^Jj 


IH 

mlU/ml 


FSH 

mlU/ml 


PROGESTERONE 

nq/ml 


E 2 

pg/ml 


I7«0H 

PROGESTERONE 

ng/ml 



DAY 0 


14 


28 



MENSES OVULATION 




* jA j^wwAt O* ^Jftl > mj ^yA 

i^juAS <1 — oj j±-\ j— +£ Lfjj (Preovulatory phase) Jh Jj U 21 - ^ ( > 

. (Endometrium) S-i>-'-dl ^ )\ i'Ua* US" 
p—A-' g - —ji:> j jj-kz.j j-^i (Postovulatory phase) -u> l* (Y 

(j (Shedding) JaJ-I ^-lp iiU- J} ^ 

. ^ - Jt\ ijUaj 

j-£ ^ j\ — f**D ^ jjJIdI c— £ Oi^^* ^ ^ js-^ £**J 

(LH) J. (FSH) J o" <¥ W 

Y A Ql j t «oLj JL i)i ^U>rl SjjjJl a jvi J ^1» 

-L_i Uj \j>ji To ; Y o L* j^j'i 1A jb 0^ jjA **» ■ - ^.zl' L»^ 

a - - At 2_JL?~ ^i2_j jJl j_*j l_* 4_L>- J j_ t oJLii- ‘ k U 5JU- j 

^ ^ ^ y lA ^L j u— »- tj>iS" jk^i i 

J} <i> — -J. L l ijj-Vil *Ljf ioLi-i 4 jJ jAIj jlij 4..,<a ;; ll ««CjIjUzJI 

j 3 JJllfluj ^Lil Jj ^jt U*- ^ij^il cjljjviiSlj OUJ^i 


Summary of Ovarian and Uterine Morphological Changes wv.h Hormonal Acavities in the Human Menstrual Cyde 


Menstrual cyde 

Days Phase 

Utenne endometrium 

Ovaries 

Estrogen 

Production 

of 

progesterone 

FSH 

LH 

1-4 

Menstrual 

Shedding of outer 
layers 

Initiation of follicular 
development 

Low 

Very low 

Increasing 

Low 

5-12 

Follicular 

Reorganization and pro- 
liferation 

Maturation of follide 

Increasing 

Very low 

High 

Low 

13-15 

Ovulation 

Further growth 

Ovulation 

High 

Low 

Low 

High 

16-25 

Luteal 

Highly vascularized and 
active secretion 

Functional corpus 
luteum 

First declining, 
then a second- 
ary rise 

Increasing 

Low 

High 

26-28 

Premenstrual 

Initiation of degenera- 
tion 

Regression of corpus 
luteum 

Deceasing 

Decreasing 

Increasing 

Decreasing 


ivr 






: yJUl OjjJJl Jg-I J> frUrt (LH) J 1j (FSH) Jl ^ JT Jl » (> JaJ 
JbJLj ^Lj/lJ ^ (GnRH) Jl Jj-v* Jl 4« aJ l JJ y& Jlj^ V 
JjL* (LH) -Jl j (FSH) -Jl J-T Jl IjJl o^-JUn j ^-Mil cJ jodLi iloA JJ 

l_>«-^l^J J\— P 5— jjJl <Th*\JI ^-Ll (J Jf— »»»i l l^ jL-aJ^l J oL^Jkl J>-1 _Jl 

jl j (FSH) -Jl Cr* ^ J'A J-** 4 On *U— Jl J} <*K*Ja\j C-*ljo«j . j^l 

ijj* Cr* Jj^' 5 r L -^' (LH) Jl (FSH) Jl ol^. J>J . (LH) 

J ^Jpf Jl (FSH) Jl J—a* J jJ' U* j - 'JJ J J - 

— 51 iS j'- - 4 (j S^ljjJl J*i*^ ^ (FSH) Jl (S j~-~ 4 ( J ^Ijjil ^jQjks^j . ^yaj jJi -Up 
^-JJ aU^. Jl> (FSH) Jl o \j y— * Jax>x£ pJ . yaj ^Jl kIjjJj- J*j (LH) 
( _y5A>xJJ . \ A I \ ^ jJl »XiP l..,«-,i (LH) Jl C->\j J>~..- -« Lv'-Jj ( jJl JL*J L ) 

J_iP <J iS ■ - * JjT Jl J— sJ — ^»l «w»*l— ■a^-l i a*Xp JL>- — l- * «^*i 


. ® Jl (j* V A Jl p_Ji 

JaU l>r JiJl jJ'Jl c-J- (LH) Jlj (FSH) Jl ^ jr olji>l ^ ^ 

<_£l _jt j j .. <a7 K~j*j 5_Jl>J*l ^ — »-aj l_jf (GnRH) Jl U J-ja-Ij jl j0\ 

JW (FSH) Jl y J5" jl y\ oL j,...-** Jj JjilLl cjIjjxJI jw > ^ i A— ipIj- oU/ A-^-il^--* 

)> Lj*>\>- AjLxJ:. — >5 <_ ji-ji -J_>w jl 4 it jjp . i*— J-l fljjJ* JJ ^r 4 Jl _J (LH) 

J Jy/ J-*J - (LH) JU (FSH) J' J' j\> (* y0 _ i-Jl V^Jl j (Pituicyle) 

l -j** • Jjj^— ^jjjlj JjJj — “*)/' jr 4 JJ" jj " y O-'L^j-b (^r-J^lj^Jl jr- 4 (GnRH) 
4jUill 4->L>Jl JlP- j j jw-j>r Jjj Ij 1 W 1 j l. ; C-. - A i y^ J JJ" 5 

SkJji QjULJll oJLfc u UT Jii ^Cl liii.UJl ^Jl jS'l^ 4 Jl ^L.NL*^Jlj 


jjiJ Jl 2 -a j/U j-J' A.._«a Jl oljLi^l 


nJU 


o^jj^Y' 



jJti JJ j JLii (GnRH) -J (Pituicyte) -it b!>bp ^ 5^ o*>Li^J.I 

(LH) Jj (FSH) J & JT jl>l l* ^ $J» v-J' Ji^* 
jjJ'j o%£— Al or* Oi-^p (Odell) ^>*1 -‘Jj 

(^'j Cyclic receptors o>Li_ Jb bf^ £_yli ^ 

j~* Oi 9rjj-~*y\ jjJu of J*j-k *-Mj • Tonic receptors *-t ^ — ib 

tOuil <JL<aj lOajf jjju ^ Jill Ojj^~-*-jjJl <uaJ^ *,+.]a:* *ju J au 4..ya..ll <L»oj 

<— ;:i _ ^-L.'VU* j_J>l j j ~ rr jil - jj Jl v^->^LiL— il ^jA ^L*jc 0\i 

— y <- ja ^Jljip-I j^_i IJ jj-^; 01 wJ-li <J (./’J* — • LH * FSH J 

^ -U ij «Jkll jag— u j ojc j . 5 j jJl ja xJaiJl »1* -Lp Possitive feedbach effect 

Oi*- J>— Oi-j J v^»Ul - t : \ OJ L J^. 7 ^Jl J 1-jjjJS\ *zj%2: -1' 

i-lkiil ^Lp sL*jJ-l ybpty p-Js-l SkJjj j_^i <^Jl Ojjs^— 

^b > Jl FSH Jl j LH Jl o>b Ji-~A J b jA\ ot^-Jl .J* 

^ ^.«P»jl jL^sJl 4— J 0>ljL-i^l <j _£-JJ ,JU J 4_J»«-i J ^ . 4.,rti>«JL« 

. (GnRH) J jl ji) *Jid1 ^.LW^lj 
' jL-P^I 4 -^J JLJl «xJl A— «,4i a! ^Jlp oS" L* ^1p « ul j 

-Jl L£U ^ FSH Jl J LH Jl ^ J-T jljJt V-J pJiJ j ^WjJl j ^>T >1 
oJI ^J-l jf (Anestrus) J-' -s j-J-l «jf^J <j oUl i-l jj jlp Jiij (Pituicyte) 

o>ljLOrl c^lJl ^J-l o>La (j -J . j’Ij^I ^J_j L* ^Lj-l Jutj *i/l ^Joj ^Jl Lj-* r* ^ 

V ? ^bJrl tL>f J ; 4 Jl ,^-Jt^-il <~Jl ojt-i *A' jl+^l <J* ^ 

obUi— «J L a ^apLa- ^Icj . FSH Jlj LH J oby b Jill b^U jl yl 
J*— \> l t /'b«'VU^Jl ^ii k dl ^ i^A jiiLi ^^4^11 <trJ' Or* Jb^—ii 



i ) jA jJLiAl Joju JUjc— ^ J>s, \jS (Preoptic - superchiasmatic area) 

iiLiAj (Pentobarbital) JL^j jt> yJlj (atropin) J— ^ 

_J \ Feedback inhibitor c*-*-* At- i j?rj y* % JU^-I 

■•»« < ^JLp a — ilis4> A « a> O'bl^ (^-Alj — (FSH) 

: i- — SjjjJi y\y s-ldf jiu/>*}\ (*— J&s^ J Obyrt 

Hormonal events in the ovary and corpus luteum : 

^ya—s^SM ya —-Ll *\ iJi c-L>t AALiAl aJ jj> ji>\ ilM |< ; ,V?;~ 


LAj^iu ^Al <>-b o>L> _ aAjM-AI aJQsj o>^jbc)! tlJUj 

a-— xAA -i-Xii) c-»li (j Sjili-l Ajjjjil oAjjiAL jaJ J> j - _yiv»^ jr .«.->-\j ^ya.Al 

iS j - -* JAajj . I ^jjl ^ j ~ •-» (J 

( j • ( OL-j^i j ) A : V A jjl jo-j _^-Al L» a_L>- ^ jj§ ^Lil lu ^J i l ./? «->w» 

iS y—* ^-ipf Ji J~aA ji yl Jo^ Ua*| . (LH) A' £y* y* jAa; s'Jj 

^ ^LjiA (j (*^ • (LH) Al yi-AJ Ajl-b <JjS/l cjAI -Uc- A 

. T T" I T Y ^y»Jl -Xip A {£ y~m a ^1 ^J».iA L fc-Xaj *Ju \ " r \ t »^Al »xxp A iy y— * 
J.'-Atj Je-iy& J-T» »>-» j '-A-*- l .:nk> c^ ^-jjA' ijy~~^ OjZ-ij 

ibyj . pjJl 4_i> y'ji Ai^A' A y \~XC- ryu r-A^ A j 

Jl J— 1 *A ya-i (LH) Al i)yy> j'yi ^ jjjji— ^jjJ' iSy*^ 

^AjuAi JaLijJl ijji ^ IA> yi'yj j 5 jj-A' y* T & : \ A y* p A tyy~~t 

r JJ^ l ' i J Cr* ^ <*£ y -‘“* ya^jj j . . -. L l ^ -b IA> 


Al]a> ^i?-b ijuA-1 yy^lj w>La>A w>-L>- iili . aAIxjI oj jjJl ajI-L; j T 1 Al ^ jAl Jjij 


j\ j+Z — m\ j jA^i\ J-l *li j\ j*Z+*\ <J \ iS^Ji 0\* ^ Jh 

!A a> cp L»« * L* iM ^l^jt jS^ ^ Ijiy i^^~ 

• oii j* 5 . » i Ll* i ^* p 

SiJL^I J,l ^*Jl pnfct ^ FSH / LH SU-JI J (FSH) J ^ 5 j>H 0 oij 

<_-£)' U-Tj u*jj^‘ y cy 5 jj a il < ,>^^ 11 Lft5‘ > 4^.» k % ..il jjIojj ■ ! 

j_*J' oIjltt jJ^t*^\ ^jjjj . jX»a)' li> J} o L«lil ^L' j*Jl {j* Ol’ r Jj*' J 'Sl' (j* ^ 

' *? ^<^17 ■-!' O' ji—a\\ X>l_it j * , - ; '' ■ * iNt ^ j Ll Q^t y* » Q>' J_U 1.1 C j ./tj.il 

(Granulosa cells) L^J-' t-i-pl— ^ Jl ^Jj-' 

(_£ J J_7 ^ I P j . (FSH) 1' 0 jb 4 ../a ..!' SjLartl-^'^i a^L aXaJlI lLj^Loj y*li 

'Jl_A ^_Lpj . O' -dl' I^jlli <j 4 ; Q}..lt y~\ (Jxu* aibj ^ v_I->U-Jr JjJjSl' 

j (Androstenendione -55 jf) o-L^. jjxV' £&) (LH) -15 o' <_/»>*{ '-i'. ^5— Si' 

4_. Ja.. ? l' «0*^ jJ-' < jja.») (J — <3 .ill- i* 05^" j OX>- ' il jt 4.X..I' jiuu 

tf*y> slLli OVJ (FSH) -15 o^Ux. V > o~ j>uty : J V •J 0y - jjLI' 

su" J . t-3' j-J»- 4_Lrf*j jJ- ^ jjlall'j j 'xJ jVl^ ®X-lj <wa.,yi <Laj yr- 4^j 

(Gonadotrophins) \ — Jr' ixili * oL y <o» j*-* iJxp i J>\ y ^Ljj y 

. yOJ y> ti <X>JU^ JblLj 

^_J| tju jjai\ ' JlS ^ j 4X3»Jl' j£ t-Ju ^1' vXL^Ol^JL' ; va* j 

H ^ al' oO?5j ^—1' ^ j^Jalllj jaJI jl Jjf ■ l. T —* ^ji 4^j\Jnj^j\ aLsj ^*1 

( y£s_ ^_l'j 4 «.,?i.il' tO^L«3j ^ J-aij ^_C ixL tU .Jfc , 0^5 

4 jjJaJj j_C J-»-5 ji 5— -9 5^- ' j_^u" (^JJ5 jjbil ^kJay«lJl ^ ^il (j l *j»yaJ 

: (jA-ii ^Ip ji-^S/5 Jl— Jr' j 4.Ja.;li 


IVV 




Graafjan 
follicle 


Theca 

Membran^S 
granulosa 


Ruptured 

follicle 




V ' » V 4CT 

ksSsKBS* c :5 •■ r , -r*r i. 


Primordial 
follicles 


l| Corpus 
luteum 
'1 Germinal 
X if epithelium 

Regressing 
corpus 
luteum 



PRIMARY FOLLICLES 

FSH ILH] 


SECONDARY FOLLICLES 


FSH ILH) 


E2 


GRAAFIAN FOLLICLES 


OVULATION 



A 

Interstitial 

Cells 


IV A 





iLflj jLl ^ (Oocyte) 4..^ ;! ll aJLLI jj£; 

s Lu9*>U.i JJai—J . Lojip yl_5uii j, .m j.7 ^J1 (Granulosa cells) L-j^^ 

. (Theca) >-£>L_p aJjC. (Concentric circles) jS " JA yijj J v 7 >\j 

(Jjjil j^^l 0 q/Ijojj i* .,^ 1 (j 1 *xa »> 

0 -^ ' • : *v Oh ^ j ) LLaj j^J*; (O-o j . (Androstenendione) 

» (FSH) ^ 0 ^ a . . z i oL*5^ Ij^tjLl 

I »<a:i a-bljl> tjj'if JjlC. ( Ojj-Lil ( j> Y ; V ^jjl C-*iJ i* ) £-**?< <Jjjil_^-*^|l •— • ■’Ia j Z *-* •^ij*J 

• ( ® cT 4 ' (LH) -It j' t3^daj‘i ifjjji (Ji 

js_ib)l <»i^lwi_?-'^ A_*j^Oi (J jj.il j; <t_Jljill jt .„Ll jn_* jj ^1 ail j jjl siJULr i__£j ^J j 

S-Lillj ^La^j-J^Ij ^J_T 'jll ua«il jLjJrl Oil; J^ ^Lp ^lilP^l 

Lj^>-j a_. ; ^ 1 L^t>-1 ^Lp (LH) -it j£ J> tiiiJi il^jj . a->L>«-l11 

II j- - — * ^_lp fj H| ll ^ jl . — A ._^ jjL Jju j . ^j^2j j-zll aJL^ji] ljl.X. *Z »«l ^J^^jijl 

^j_flj ( OjjjJl * \ T' I \ ^ ^ j-Jt 0^ 5JL*aj j>- 1 j£ Si>- S jI^jj JUP (FSH) 

A l.^J Jj>xll ^l_*Jl y^.Jx’Jl j»_ ij . jl A...ZZ; (LH )-M 

i_3t^— j>r A 1 ^at jj»- -V I~y Li j .Lp jj-ilajj »jj-i_ll * ^ T I ^ \ it ^j .Si -l_LP Aj jJl ill 

^1 j_*- J[ ojdll aJL* j!>L>- A_jlOi^l a ; ji . ; l l aJLsj jX- 1 Graafian follicle 

. 0>1 J* \ » (jl Ljaj jJl iliJJ LkZjj ^Lja^/1 1 g ^Juu> t • • 

Oj — * ^ (j— ip A_Ji^/l j * J_jJ-»]l _ a J>>-S/1 A_(jV' <j — CL. « » 4 J_i3j 

yLa»S|l j^-Jrl • jL^^/1 j, — ^.1 j (Oxytocin) 

J-* 1— *5"" . (X) J»— ***^ l— ^ (*^’ ^ CT* j J* 3 i 4 jS/1j 

• j*— i-' (j-* j' A r^ A jy^ (PGFaa) ^-U^AjtLlxjjJlI 0j£*> 



p ...^4 L— pI ^jJlp _ ^Xj L* ^Jlc- _ j^ii' j y.*»^ 

Ojjw— £* &) '-f* j-J o'*** <Jl k^J - ' OXU ij x>i js*^ 1 tj*^ yu4»ty 

n — '• £ ■ jv— j < J*J' l-lA JUajl OtS”" ll^ . p .. J O (3^*"" •Xfi\~**i ^lliLj 

o jXJ JUi^l Jl iUip^fl iL- lil (Hysterectomy) pj- JU aii ^l x* J J*J-I 0 -> j-i>- 
y PGGia o' (• — ^ oij& j'yi ^ p^3' 

(•—**• J - ' ^j— * 0 • ( C Sj*^ oil> iii0^j-L^ljS/t 

Oj-5si xij . (Myometrium) p-^- >' J-Oa* o»>Lix> j> J>J 

,Jk G-* o ^ j • JJf (LH) J' j' yi Jx> ij jj-5 ji jjri — ^ 

(Luteolysis) y^i\ p— Jr' Jl^ M-x- j jyii' y$$ ^>ii' 



pl.*»a4 (j _ ^yaj ^p-lli ~Lkj _ 4j./t..U SJua; _ p>-' ij JO'-*}' j 4«^' u^J-' ^JS~ 
0_J-^»A 4. «;^ ' 1— 4_L*4iJ J>4 iJ^Lp ^J-A 4_*pj' ^jl '•***'*■! £d 

0 j — £> c> ii' p— Jr' (Endocrine organ) p — *>' l£Xp ^Oap oJUAi 










JLju pl_J A ’ Y lW-jp <J Jl J-ajj.(LH) -II Oyy K —~^ i Ojj&u-orjjJl 

|i lii H I Ai)^^ 1 jf U->y;JJ Ufj^J *— j-Xj>- -UPj yijyJl 

Corpus albicansy^Sl' p-Jrl Jl J j « iiU-l J p~Jrl u U*-^J3j 

: SjjjJl t-Uf (Endometrium) Jl AiO*; <j Oljutall 

4_3"**i»lj ( 4_jjr- J 4gliC— » C->ljJ-«I> J_yjllj Jl 4 iUxJ 4-J^Uail U^ljA-l j£ 

U -^l J • jJ* _/ ya ® jj-i ) 4y»— Jr' i jj-l3l J^-l y J^Us- 

y * p '~‘" Y & J-J 4 J Ja_*> (> ^_Lpt Jl J-a> Ol Jl - <Jaj yJl JJ l» Sl>- y «LjI - L£ y 
kJ\]aj *yJ Jl villi J • c*—j I L-^J Jajyli 


J ^-*1 J-Ljm till! JL_kj aliy . ^-*J1» © I Y Jl .A^-lj y sjJL*— -*il J iliyi y - Jl 
y* <L^j j^J <J-L-*> aji_j J a jL>- a jL J _ yOJ yJl ~bu L» 3JL >- jA #Ljt _ 

J • (j^i Jr^ Jy* *1 y- :-.* Jl y -Up ysry—'^l j -.~ * Jlaj L*J-j y*<»Sll j*— ~A-I 

p_J»- Jl i-UP Lj^L^ (J j j laTj . J*_^- Jl 4_>UftJ 4_»Pr y y _) y Olj*-*J Oib J Jl^i 

• Jl oliaJl i-JLP «.! j-^\j £ j-** «©Wj <Jl 4-iL^lj ,jy ^ ^ c5 U->Ly-?- 

. 0»!j! y^jU iUiJi y 4jjl y^|l 5l>- ^iL Ojj jJl iL?- a ^I p J 

C->1 jS 4_8!»yll 4 -j yJX\ ^JlP ^ —^"1 j*— A—iUaj wwaJj 

-UPj. 1 jy U C— SJUaJ (arcuate) 4-pjS|I y <yi c^Ub yj 

(Stromal ^ ~*ull \ — y* ^ ^_p jt a>-l o^y-u^- »-i_p 

J-T y '-•“ y.i i>%jjj 4>Uau 5j jLLkJjl jyjj 5j oill c^l j' y^l JuL'jedema) 

^j^Jl j — « Y A : Y Y — ft rj -Jl J-up Ojjc ~jjJ\j 0 rrjs—'p y> 

«u-i (^iJl j JLidil y ; fl;7 j.^-jL^Sfl p — -Jri (lnvolution)y_^ui 

*jS j Jl L/ «jyOl 5jlfJ uip Ojjy^-jj^j c*y j>— V' ^fjr^ j y^l 

. pj- Jl 5Jlk> (Blood stasis) ■» Jjy ^ 


IAY 



: (Menopouse) 

U* -A— ip . ^slj j-i)l Cj~^ (y^^ - •— **y — ^ 04 jx> . 3a .*»;t (j - 

^lp l*-J go! 4 ; 1 - > *S y3-3 JOjiSI ^1 Jbwl <_) Aai. Ia«i 41.x O • * £ • 

^31 a_J ja jX\ ol * J_jJL* 31 i^.. *333 £^Uaiu3 > y* -a3i_j . 4 . 10 3^3 5L*- yi-J.1 

4_3!txli (J ^-ll a „Ull JT 3 ill j(**~ -Aj LfcS^ . jl y^/3 3^ia..l» 3 

. oily jJ* j <Oo33-3 Ojlj-Sl 44..3»3 

^Uaiil, iL>- y -a*j l» UaT y (LH) 33 j (FSH) 3i y JS' y~ J Ja— 

<3^33 (FSH) — S'j 5 jux- (Immunoreactive LH ) 3' j' yi ^Uj . O~3o3l 

J'-r*b Crij^ 7 ^<3* ’“■* J "3 ji 5 -^ yu.Uil . >JL. *<3 31 U^j'i/.Uo <ol y 

4_U- y (3_jt Lfclp vOjI— S** l Ap Oj-LaJI o3jb ^yJjt»xO ( 4,.. - l.Ll iO->U y yW ) OjI-Aj 


^ — J y» (estrone ) 0_}>->.^' Jyy> • u^i y31 ^ j- 5 '-*!' '--’LoJI 

J j_» o-L_p sia^l^j Androstencdion 31 J y- U.U,f j^Slo c?3Jlj 4 j yj)l «jj- 3' j 

, « ~ l j3 ^ .. — ill J 4xl^ol 

J-lJ* tr* — 3-33* oL*3slL 4 j _ (LH) 3lj (FSH) 33 y JT j3yl ^JLS 


£* 0jU3b oil y y 3 «3 j» J $ Uoj Short feedback loop jw33' ,y-£*3' ^*'3^1 


J*-' 


: j’dl jSloJl y ^r.;-a: i US' yU^tfyJkl ^JLf- UlS33 j y oJlp ol-b 



£AY 





£iUyi J J OU-kJl 

: Female Contraception J 

j y‘>— ' S (Rhythm method) A_Ua : :lt J a-pISj^I Uu ^ J_T ^LJt yoJ 

p-J a J J LpLn ^ (Steroid contraseptive pills) J-J-' ^ ‘-r»y~- 

. | y\> 

:a-J^' ^ (Rhythm method) iJidil J\ Ai^aJl ^IJl < fj 

. ySUy^ f y apI«* Y i Aj-ap'J/I A«« <3Jy-ll >_ ■ .<a£ CM ^ 

Aju ApU* t A t ^lp djJLtli CM (Y 

• ** yf*^ • yy- 5 pJj ^ ^ > *\ : \ Y <_bU^ J v°^' Ljaj ^yaj jj’ cL>JL£ (T 

4— o^—a) 1 4 W ■.,*>* ' § 1 L— i ^ ^il **--.-**- liLi 

hji -^ - 5 JJ«> Jy^ a 4 f Ji ' ' J ^ ^yf-* y-^ CT* f-* ' A C- 7 ^ 5j - J “^' 

«^>yA>- * --- i j\&} % . iyuiil kiJLL aJIiM Aj *— >Mjy*tM j3 c^L*Jrl ^yP 

ii> y~L_?- .« £—*•_£ y * b yA* y\ \ • • ^ Ox O* y 4 # ^ * ^ . > ** > * . ' *a*j , yWl °A.a 

aJLpIA opIjJ ( y^£y • pt— -li c^l 3 * j oM yy^ pUijl pAP aJL yja)l aAa £^LjJ a?>«^ 

— *^yi A-ii^-^L* Ja» apL* t A ^L»Jrl ^yp aju JhS\ dJL* 

. p— Jrl •j'^ OryJ £»J ^Ap 0j>— •j'y*' ^A* 1 

(Steroid contraseptive pills) J-*A-' ^ ^j-^~ JjLj ,^j v^' ^ Ja]\ L*\ 
Progestin o ^~> ^ jjAl (^j-Ip v~> y-J-i «JL* ^ yj^y . a*— 1 yJt J ^Jail ^ 

L»i . ^L-i Aj^C oA^ly L>yJ ( p-ii' Ji yA» ^yP ) v_j yJ-' ^is^y . HstTOgen y^Jy— 
^U— A) (blank bills) 0 >LJ y yAl l y-* a_JL>- L» y>~ ^k*J U oiUi ^ yr - ^' J*^>- 

l^JU>-iAl> AjLfcP yjA-t y . L^*yj w> y*>*^ (JylA ®aLp ^yj y^li y yi j y-Ji ^A^yAjr 


ur 



(LH) -1' j (FSH) (GnRH) JlO r y><~ 

yj'* i j» ..|j'.7 ^_ll o*LJ y jh I siJLJu v_^ j ^ *■* r * <Jlpj , 

• 4 <_ a ■ /)■■ * (J^>- 

(Interception) i-kj**. ^ ^ j-^ *k J» j 

ijJti j (Diethylstilbesterol) -J' j ^ 3JU oU ^ J jU ^ 

• r*~ ^ <3 >' (Implantation) yy- £± © 5j1j ^ j*. 

{j-a <—J j— °-*-® 4 jJ>- li I ^iai c? SjjjJaJi ,J SJL yail O-i-A *_ >: ^ j 

(Breast soreness) J oblfdl oU J (Nausea) r^JJ J-> 

• u^-' 4 JJ J 

: Hers ut ism y J© y jf aji 

. si sLjsP^O b-’U^I (j ^n,.]ti j^iJl j - 'I' i»jl ^*aJl ( Jif 

• mf’y i^i j > j — 3 > (Jr^‘ - 

. Terminal nair p 

. o^L. j*p ^pU jJi Vellushair (T 

j^*ij . 'aJ* ^pjJI y*-i«Jl jl 

V j . j^Wl yi^Ji ^ US*-. oljjJblt t^Jb-1 ( xJl yuijl ) yuiJl y ly 

3-7^Uflll j\ Aj ‘ ~-)Ni.^j ^JP oabj ^lp l jv?r 

jap ob^jjaiS/l jJab ^^*£*11 Jj . (papilla) yt-iJl oULA- ^J^Uxil 

yi-S”"f s,.. .-:Tj ol jo«_JiJl la» J yt-iJl ^JT (Jjjc* oa\j J ^1 J7 yu . iJl OjbJb- Ij^1>- 

Ji> 4 *T>U»j Testosterone 0 jj^- _y— J' c-»U ^UJ j^f os-i yt-iJI y y o'i/U- 
Dehydroepiandrosterone , 3 -a endrostanedioi or Androst - 4 ene - 3,17 -dione 



4j 1*0^1 ^ Joy J Je 0 -L* Ojjs*** ob jZ L >* *» ^Uijl jl y « r«» l J)j 

y-S*t <-JbJi i_*L—Sll j>-z*oj Masculization ijj-S’jti jf Virilization jU-ju-^b 

! i^b^|l J lpj»«ii l— sbw>^|l 

. Congental adrenal hyperplasia J y i£ yJl y ( \ 

• Turner in adrenal cortex «J^ 1 <3 y •-**■ 5 <3 fl jjf * yj O 
<J} Hyperplasia of androgen producing cells uj**jj*OU o*idl b>U-l y i>y (f 
.(Thecal) j( (Stromal ) y^Jl <^-a— IjM^ 

: Anovulation 3— fJ £ ( 1* 

yj ijS . Jl L--L^ <J} jj ./it <Jl «_J — >7^\ ^JLp af^l 5 jJi — » — p jL_i 

: 4~~J j <j Jehu j\j jeu yil <JJ-b-l (Anovulation) 
je— *t' ,j ^ju — J ji-f- <_ — r y j_a j (Clomiphese) jLIp JjLJ (\ 

(GnRH) -Jl jl yii £~o U OU- jt. l JsLJjl JJuo f“y> jw<l 

. (LH) J j (FSH) J c> JT jl>! 

. (Promoergocriptine ) l>h ^ yjiyjj^ (Hrgolins) oLJ^'jfi JjUr (T 

. Ovarian wedge resection lyl y i— J^il o/^Laj _^-i JUaii-t (V 


lAo 




jJJl 

Hormones of Pregnancy and Lactation 


: J 

JjJbr ji i ^'Sl jA J^rLJb JaJ t-j-lil Oi 

j\ >-3 (j-* 

J s±y\ UA ij £* J>lSo" oiJ»j ^ -lS^ J i JA l+^A JT o^- 

^ L*JLit ^ U» A_*j yA jA y A*V; ^ >-Ji ^ii ^ii JaL^JI IJU J<»«««it^ . J»*ibJi a J L^P- 

js *«) ^|j . ( A .SI I ^ 4_U ^jll Oa^iiJrU^ ) S^_S""JLil 4^3^>\J^i ^L»JJ\ ^Uw»S/l 

^A J>\ jA>\ 5_^C Oh J-L& J— Ul J^, Jj 0 UUi j 4 -— L-^i »Jj«- ^ 1 i yl\ 

j. »:i'j »_->i— 3_J ^il jJi i— ->LJi 1 -La (3 '—^j^'J • ui-Jftj fVlj 

J_4i^*ilj A_Jjl-l L»r JjLj Ji OLi^l} . 0>ii' J J- 5 '. (*■ A jJij J—«J-lj 

(Paracrine secreation) s^'U-i o»i ji _^3 J*i y* J-^J <^' j Lflp 1 J jil v y J>\ 

. A ».«<£« Li J OyJ?i y£ JLtf> #iJL^ s^ijjjb Li il^i 

: 5^i j-*Jlj 

Hormonal Aspects of Fertilization and Sex Differentiation : 

: Capacitation oUay-yt hJuft\ ^L-sTj 

4 * +b j £jA 4 juit 4 ©X* Xu ^Ja^AS ©Li jt v_j ^ iLi ® Li Jl iSj.*»Jki aj ^ ill o»L»i J.Zs«T 

Follicular phase <A~*> yA-\ aJU JA ^i j\ J jyb <^ili _ jwr <x j- J^' J^'- 

*^i J-Sjj «-^ -vpL- j Js»l£ jl Ji J^^ {j* 

^p4J £jA 4.^81 jJL OL ^l>y < -r ^L*A? £ -'^l AJL 4 P ijLj . 


UV 




it_£^\ <±> JJ (Capacitation) SjJiil ^ jw^|t s — ^ j • 

^le. ^ 5iljt SjOijl aJL*p .- * j . <y3> ^tarUll 

l jr_>-Si a±+j& £+~Jj . f jj— <* i jt (Acrosome) 5 si'ji <» ; — - ~j f jw ^k- 
_Jl o» Lc^ _ (Acrosome reaction) S JpUjL^JLp jlkj ^tj - ( a j ... l S \ l iltjl ) 
^ ^ jw^jl ^£*^1 <^ 2 j ^JL ik-kl it ^v— aJ y « JLiD (hyaiuronidase) 

jylj c£^ -XsrjJ N t*-;f j . A ^3] jjl ^ j*\j <Jaj ^Jt cjtjo^^ 

8j-i — ajl la ^ Ip tjJ 4)1 w^«JU C)j^j a^JLill »— AnoXf?" t <■! 

A-jt— iS-^l ajJuill <_jL— j 5^I tAjj.X?' 0>t ^k>- ^lul j . ^ 4«iL«4a>^|l 

-^li oljLai^l ^U> <k»-}L» £* yyjp^ JpU^I (C) *a*>j (B) frbjfj (A) 


(acp = acrosomal cap region) f j — -j^TSl' *Ua> iik^ 

(scr = acrosomal collar region ) f j — J J* <*k^ 

(ia = inner acrosomal membrane ) C &U** 1 

(oa = outer acrosomal membrane )^»-jl>-t C '- J ^ 

(PC = Postnuclear cap region) jj—i c tki]l Aik> 
(sp = Plasma membrane ) f j>-^ yP-^ at-ikt 



c 



1AA 


: Conception 


M 


P jA\ ^1,4^; Jl j . iw> jili oLui ^..Ml <j$ o^Lp 

4 ^ ,ji fil iWp ^JLp J ^oitj 40 LwpJ V^l ^ 

oUa- — - ( jaL i > Siipt {j* jok jor j^-L* J jp ^ oj-lpL^j (Lennarz) -Ailj 


(Bindin) 3 ^ — -j O' ^J-' ^ ^-Jr' '-i+i Oy £* </-^'j (sea urchin ) 

• O' OJJa ^ jy~\ £*Ja-" '^- >r y. 

5— isu-ii (Zona pelucida) <-L*' A_SkIt j Ol-Ci </L fj?— JLutal 

JT ^>'.««J Q..>t 40 aj_jJ' ^ y*- Jb IaJju t— jl—a>-^U 5 j jfA j>r' <L— L«S/' 5 j.«j » )' 

^_kiJ' iOaj^J' Oj&j . O^rjJ' J f j>— ^ f .p^yr-^J °'p' 

4_j / JLi' ^-Jl pi O-Ui J . <Jaj pi -bt; yliJ' 

50L S' ^J' 4j oL*jj 5ol^-Sl' Oy' yl' Oy^ ^^-U7 *j yjtyj 
^_i . (^cJLA-' ji *J«*y;p U ft— 0*^' OJJ^ -Aju fjU .Jb-biO J yii 
oj\J' ^*1. 9jii Aju j, 4*) ji U **£jy^ p-L'yi O-’-b*- 


. c — *>U' ( Morula) N yjj 1' pa? (OL. j^' j ^Lo^' ^ *s -\ — 1 • : o<) 

: J-4U1I J ^Lb-ty ^IsJ 

il — -JL. i±sjJu>- fijj ( Conception ) J-*-*-' jf *0a; pi vL^)' LL^- »u? <jj 

J_»- ,jl _ l -la— y j fSl'j Oy-^' ^ (j jpbJ' oLL-p S-Xia* 

vi» J& j 4 .,S }± ^Jb ^l_»JL>^ J, mjj . 50 JA jM ^*1 i jA 4P j^^itS. _ 

0 lw iJLzjtf’ 5J ^il oLLaJ' ^ 51 -1.- _ ^5_^«j^U') 

i-j'aiJ' i' jil Jw> y 5JL^ j joo ^1' j (Placenta) <*-iib J> yu y> U v/ y UiO^ 7 ji 

0 ^ ^Lfci) 4 m-i> -Li Cj* 


£A^ 



. lylll ^ Oy* j ■* *w-^j^>Ij ( y> viiJi 

aJl>- jS>, IjL* 5 y_»*>L«» tyl •..•a 1 JLju (Sjj mU yli^-1 ^L»«ot>*)|l j Ojy£y)l Lu J 

y* <-f- yA jt (Tinny duster) jf a yJLp g*. oLdl ^ a*j j^\ y jwbU 

^ ^Ljt t : T) c — *_jll y o y_» j_*j _ ^ijijj^S J-a . (Morula) Nyy^ib ^ y< b^^U 

jj--* • j “ ■ > J)y^^* LaIj^js- J} J-— ^ pj y*jil j j + .'..— i t^l - (0 !■»»»> ^|1 

0 y£j 5 _J>Ja)I LjMi-l y 2Jb5" j (Trophoblast) V^-b »—* y." 2yjUU b^AjU 

j*j (Biastocyte) *> y yM yS j *Loj yU ^\ jjl ULa ^ ylk. • 0^-' 

2_j Uaj ~ ^ -- y—* 0 «_^jjl 4_4 y y^l yS '~r J j— A l • ^Jjl— ~! #c yb? L^jkl y* 0 £ yP »jLp 

j' j±\ j e-dL> (Implantation) y yJ' i_JLp Lj Cy- (Endometrium) y - )\ 

<J sJjlill L i , &J4 j, — a^. fy_i* (Proteolytic enz\mes) oLyjyll slLil otcy^l 

y-;>Jl CJ ... a d ; ^Jl j»— j- ^J l JJllaj y cyM ^JlP jJJaj j . y _^ll iitlau j i_j»J y*~ 2J 

0 y£j U 01 p yj . Decidua basalts (^-Xplill Jail — 11 tLi-JJl yl o yyo y y y yM 

0 j^iX^A ^jM jjb 1 J «J _ (C y— ^AJi) <L» y yb-1 (■ ~ ■ —**>!; ji jyjl) A-jlJUP^fl U*Aib| 

5-jPjSfl J a-j y {y& Decidua basalis <_>-LpU»M JaiLJl *LiJ«)l JJb-w (villi) JJl>- 

2 j j jjJl 2^ .-til 4 Jj i_Jl yj 4j J < Jl)l 2 j^fl y» s.XJa.* Ow yj 2 j yjjl 

Lj%^ j i-y-i*- 5 j y- c-iyll j Ojpo j.( LabjTinth drculatory network ) 

>l_x j_jc (Chorione)Ojj ^ *1— (Ji J y^> ^ll o— 

jt J—A^ljf ^1 Ji jy— J j->-T eL-XA . Lj-* 4_.yUil 5_jPjSfl 

l> (jL — •> ~«ly Oy^^lkj ^ •■*^11 L^**^ r ’^ J,y (Amnion) 

Oy-j ^^11 jt ) 5-jy^ll 4.»j-.db i L> 2J vjjl J -bu JJVaJ*- 1 J-lai-J . (Body stalk) 
^p~ s tyir 1 y— i j . 2^-iil y 1 _yyA r i «ybl J)y«^ <l-?-(Chorion frondosum <S yyl' 



Ji wLb juu JL-Jl jr jj-ka pi Chorion laeve cb ^ 0 ji ,y p-^bil 

: Ua uyjr^ (S <ji ^bJl 0 j£=i Umbilical cord j— J' 

. Decidua basalis JaiUJl ^ c^J-i ( > 

. Chorion firondosum <$ j. Oji^> jl p— i» <— e^Jr' (T 

^ j— i Jj rjj US' . ilii — j ij U— <^LU ^ tj^A (jj J^J 

• CA^ ua jLoT^l {ja 

£j—» 4__-Jrl it ^it (j* 4-wStl *» J U*iJL*)l (j\W jyJUj 

J^_aj el., * ,f> aJLaS' <a< J— *J4j \..»S' . <«,. ■-■»■! 1 jJl <i«»L<i^)I t.JuUj ^Jt 

J_Svi A—Jja ^jkl flJLlj (Jl^l ULa (j 4^. ; «-i U £jAi j , J«-^-l ji i JLp *^U«J L* j}& 

C-J^l <sUj‘fj . 0jj~ *rjji Ji <>* J . ~*^ pkj 

jl jj\-i >-.- U^U- ^ ^.jiT Jlp Ojib 4«^»x.U 4-i (^JUl 

J-*jw ^Ul human chorionic gonadotropin (hCG) J y. ^ Ayj+ 

Oj^d\ J _« ZJJ . f— *-t ^ j Jjv^-r JJ^l ^ 

Ji <-i J ** * :^ 4^. . t .il JI 5 j_a ^j-*A 4_J^il <JjJ 5-1 _£j Ji 4>-_>-. i l 

• 0 J J * -«i O'LljJr »^*L^3r J_^»"i 

’ «l» jZ' i 0^ sJ®-la>»l5l oL* J— Jt\ ^jA (j J— J Jb U-ij 


i\\ 








: The Breast or the Mammary glands « 

^yLxUlJl LjLj &jj j-SJ ^ 

• *b-bM ^1' Sj JLill ^J^/' ijJLl' j' 
. at ji.1 (3 (^-till (^*-Xiil j Or ' jiS ^Ll' 


Adipose tissue - 


Pectoralit maior muscle . 


Pectoratis minor - 
muscle 


Alveolar glandular - 


Lactiferous duct 



11 


Intercostal muscles 


f )f Gtli rib 


all A_LaP pji*s ,^Jlp j A-iJ ^J' ^ y~i liil J-* JA (^-b* JT J j&j j 

(2 : 6 ribs) ^L-Jl Ji *ljal' jy £* Pectoralis major muscle 
wU- o' j-i a_1 Glandular lobular tissue ^op ^ <_/** 

. Lactiferous ducts y - y * Jh aoU' o' ^J»iS (j >-— vaJ Intralobular ducts jj-aaJ' cH - ^ 


' : *y oljoilll J*al - J— - (/-iiil **7 

j »L o»LL»*)l ,jd}l j \ jii jy*ij • OO JV - ^ j^b ui — ^Vjj^b 

^.Ljl ,joM ^jt jf- £ Jj JUP a^JUil iJLil! tjLjj . SJLijJ I <ui j* ji>\ 0*l»Ja‘.l)l> Ja-J ^7 ^Sl 

J-.il ^LjajJl J. jC ( -^P <1 ^i~Jli C-*li yil ^ll 

• 0>^ £^1 *»^LL»-p j»JA~i ^ <5 jy jb-*-! 

4_^tJt]l £l j.^r'yi ij ^ ^_i7j ££ J — ■ J-C — 5 j_* ^ <JjS/\ O -l ji ' <j _ O* J£j 

.aJ — ill £-~uaJj . Glandular acini i-JLiU-i <->-Ull 2 __JJl i_Liil 

Myoepithelial cells *uLi*3l i-T^Uai! b!A>-' j* <1 ^ a-Lau jJ-i 

a-LfiJ j~Ju vL— _>; 4 _j jJl 4_-Pj^| L aIjLP <^Li i^wi. J} Aj Jijl O^L^IJ 

tl—Lif L_*f . j .-anU ji^__ »l Ll-» • vlJbJl tllif L*f . ^o^aail ,jv 0*1 jiilb 

O'JU ^-1 J<3l L^UU ^-Ull i-Ulj _ JJJ ^ ^JUJ» 

. (Colostrum) j— H j aj Jill 

: Ifli J ^JJiM j S-Lsu ^J-l oJiii UaJaii JlT JUll jSLiJl J 




'J* ojLp ^Oiil j ijJLill iJ^Uall ILL*!! LiaJaji le“j JlJl jSLiJl J^_ US' 

O ^Ip — oUil 4^-1 ^Ll ^1 p — (^ 4ji^ b^U 

JU>rjjj .UbU oJLpli i-pr _ 5j y y£- _ l^i-l jJLL' 51 y . microvilli 

U^ j— * j Ai-iS' 5 uyjjt *—• 'Up- < ^p- 5 jUp- (JjSfl 1 j^>-1 lS-U jj c»>Uj^il {j&y 

5 jti' Lw olp- v^' uf (Protein Granule) -1 ' jLai^i (PG) Oi* 

• (Lipid droplets) -1 ' jUai^-1 (LD) o*» U >• j 



<3 ^ 7 -—^ / ® • * J} j/vlll *t*^" £yij 

* *j -- 'j»Jl « - yJ i_> 1:4 J • iil ^ Liu.* \ • • • : A • • 

ijo-** <3 <^oL*M Oi-^ l—- jJ -l«J 4-lp (jjlH _^aj - jU— il 

S- --» ^LiJjl (j p_*f j — vO>vii 4jf j^p- . 4 ; «..iaiij 5j>- y) y^j ^^-1 jJl 

oA_A p li«< {)y£jy jl—AJ^i (3 /. Y • J l3 X® jl-luoi. ' J— JJ 

. p^/\ ^o (3 pL*»jt-S!\ ^5”” «tii> ^L»r Cj^“ ®oU^J\ 

: frtdl <Li y * ji I Ot joIsJl 

I l*> J^CP ^1 pLjl A^r ji jjJl tljljy 1^1 oli 0>U yA jM p (J^i. 

! AjJjjjCL^y CjU y*j^ (^ 


• W*Ji A-J^n olj yA jkk yA ^U-l yll j - ^ 


pjj / pJn.jiill) 

Oj *>' 

r • • : TO . 

Jjjii 

T • : \ T 


\ • . : o . 

<Jj j>- i 

\ • • : Vo 

ojj ^‘j/ 

A : r 

^ J~*~Z — ^ JJi® 

T : \ 

0 Jj 


(human chorionic gonadotropin ) 

4 ; ...V»rl ^Jl«1] A-lil ^ ji 0 yA ( \ 

(human chorionic thyrotropin ) 

jji d JL aJj <«iit l) yA ^ T 

(chorionic ACTH) 

o y,ma\ ^ J* ( T" 



(human placental lactogen ) ^ yf'l I ( t 

Relaxin (RLX) (° 


Oxytocin j ijjrr -^ p 

TSH -S'j ACTH AjUill ja \S y*' '^y. y> (V 

TRH J'j GnRH 

JjLi ^ j . f-iii L. j^j j Renin J'j Angiotensins -S' y — • j\ Ji 'i* 

• ° y rj clil' 4-Jr l^jijoOj ^JLaj£S' Oli jA jil dJlL’ ^ylj 

Polypeptide Hormones * '4-sJt yH : 
Human Chorionic Gonadotropin (hCG) ^-UlS C)yjk\ p 

0~* 0 Y J* • ’ *’jj J*j 

. ' ' ■. '3 \ t Y ^lp ( ll-J ) l*w*f Ljaj^- ^ Y ^lp (LiS') 4-^ =>_ _^S' 

, .g -T yj 4 jLJo J jAt j ^ip yi Ljb 3 jjj . jA jik ' IJLi yi' c5^'”’ 

(TSH) — S'j (LH) — S' ^jA J5*j (hCG) -S' Oy - ('-*S') L-s^yS' oJj>- ^S' ,j -ifji 
i^pL- JL' j ^-s*- ^S_jctS' -S^l .-.S' ^ L»j y 4...^*~ yJ' ^Sl jjw y Ajl-U ■Xat L*5"" 

^'-jyy* On <^s^y-S' <iL- i^S' (JS-iS' Jj-lJ;-' . (LH) -J'j (hCG) -S' y* J^S 

. y*P-' «Lj( K^r _*-J' 4-^JfcSl' O*' j 4.*,.. -I' 0>U jA j&J 4j J jtS' 4^>LpJl 


i lormone 

Molecular 

weight 

Number o 1 
amino ai ids 

in the 
chains 

n |J 

Oiiholiydialc 

conl.iiinng 

Glycoproteins 




(Sll (fiilliclc-slimiilaling hor- 
mone) 

32.tXM> 

(ilo) 

+- 

>1.11 (Inlciniring hormone) 

Kl.OiXt 

<>H 1C* 

-f 

hCG (human chorionic 
gonadotropin) 

57.000 

V2 ll'» 

+ 

TSI 1 (thyrnid-stimuljting 
hormone) 

Somatomammotropin* 

2H.OOO 

% 111 


[’Id. (prolactin) 

2.1, IKK) 

(l««) 

- 

(ill (growth hormone) 

22.000 

d‘M) 

- 

lil'l. (human placental lac- 
togen) 

22.000 

(I'll) 



t\A 



-la-; y. f Synctio trophoplast -1' aA*—' ^ (hCG) -J' 0 ^ jjkj 

■*■ j 4—?- till ^4 — 0 ja 1-lA Jj*L Aglpj ■ A*..- C. 

f 1* -; aJLai £jA »dP 4i ^ usf ^ O^a J ^ 3^1 

j l! *'' <Li JlI ULtk (V^-3l ^ (3*1*4 Jii (3| (J-^aj 0^ 

pi— i»l (hCG) — Al 0 ^— * ^-Jl jjj lill a »j<lg (jui-ll ^’■j ^1 p 

Ojjy J* £*^i *rr* j»— J?- l A--J ^ 3'*’^ 

(jA—Jl! ^_4 il-L*^'! J\ jaJ^\ (hCG) -1' ( j* •.■•»» t-ijj . _*»-*» j. — =M aA*— ^ 

jf 3^—*“*^ <j j»— — Jrl I-L-u L-4 -UP 4_L4 a_j 15^ 4,..f ^L-j'l i*- 1-il *-laJL— J O^ 3l 

d^Li-**-'' 3^ J *“^ (3^ oj- 5 ^ (hCG) -11 (1~0 Sjl*- jiJ C)1 .i g.~4.jj . 3^** * 

. 3jj(d^J £jA £> Jjji— JrJj\M Aj;.L*i j*—3rl j-Ljt ( ^1p A-oLu^ 

: human Placental Lactogen ( hPL) j— Qy j* (Y 

<^J lii <;» 1 i!>UJ3 A -JU ^_4^' Jj .fi>\ jj ->1 l_Vf A_Jp jlAsj J 

vri^ s aJ jj a_dJl JbJip o^yfc y*j human chorionic somatomammotropin (HCS) 

(^L L*5*" 44i«i j I-J— 4 I t.Ja^* ^ ^ ^•l***'!**' (j^* Y \ jO • • 

1 10 20 
H^H-Val Cln Thr Val Pro Leu Ser Arc Leu Phe Aap Hia Ala Net Leu Gin Ala Hit Arg Ala 

30 AO 

Hla Gin Leu Ala lie Aap Thr Tyr Gin Glu Phe Glu Glu Thr Tyr He Pro Lya Aap Gin 

50 60 

Lya Tyr Ser Phe Leu Hla Atp Ser Gin Thr Ser Phe Cya Phe Ser Aap Ser lie Pro Thr 

TO 80 

Pro Ser Aan Net Glu Glu Thr Gin Gin Lya Ser Aan Leu Glu Leu Leu Arg He Ser Leu 

90 100 

Leu Leu He Glu Ser Trp Leu Glu Pro Val Arg Phe Leu Arg Ser Net Phe Ala Aan Aan 

HO 120 

Leu Val Tyr Aap Thr Ser Asp Ser Asp Aap Tyr Hla Leu Leu Lya Asp Leu Glu Glu Gly 

130 140 

He Gin Thr Leu Net Gly Arg Leu Glu Aap Gly Ser Arg Arg Thr Gly Gin He Leu Lya 

ISO 160 

Gin Thr Tyr Ser Lya Phe Asp Thr Aan Ser Hla Aan Hla Asp Ala Leu Leu Lya Aan Tyr 

170 160 

Gly Leu Leu Tyr Cya Phe Arg Lya Aap Net Asp Lya Val Glu Thr Phe Leu Arg Net Val 

190 

Gin Cya Arg Ser Val Glu Gly Ser Cya Gly Phe-COOH 


l\\ 



0^-4 Clj-* J* l y—* J5" J *A^t -^La of £ jJlj j.-^ j 

(hPL) i*il 0^*yA j' J*\j 4-^aUi-l objl*ll cJi j Nj . 

ob^\ Liii JLjJj>ol 4_?r j ^Jlp ^1 L*T . S -Lb a«. al'j c — L^>- 

0 j A ' H 1 < ^3— ' P 4— J 4)i JL-4?4J 4— jl ^|l 0^* laA 4 »miL^[1 4-^^J 

Cjr* r j^‘ Oj— ■ * j * 0^ L*5^ . vjv-Ul Oj — aj *-* fSM (j 

^-lil j jS' ^b*- T -U:~ j _ 4^jr- ^Jl ®J_A ^4 _ 4 ] of JLalAt.l tJLi . 0^ J^AJ aat./»4 

. 5_»Uail ^j— 4 Oi~brt « j ■»-' ^1 ^Jlil j j} 4>-U1 Olt-Jai ^j**Li-l j 

Diabitic </ j ^—'~ ^ «-J y-Soi 3 _j» _v*J-I j-j L. ,A\ J-/.I «!—?-( j y> jk\ ULa Jju \jS 
. J-J-l Jb </ r^- y tv jL <5' ^ J-*' y-\ cL—Jl j ketoacidosis 

: Relaxin (RLX) Q> f %J> (T 

jj— * 4 ~ . ; j ' .l J 4ljp l£"^J L»r b .» * .>! Ol*JJ^ i_£U-)t ^Aj 

tLj^-jl _~ ^_a 4_-?r _*b^ 4 _j1j^iL of U- Oti j . ^J— *1 j/b jjjlli-l ^yljLi jAttf'i/l ^ ..-.. ■L l 

4_b< jL (Cervix) - y' j_p oW 7 ^ (Birth canal) ^1' «Li (Relaxation) 
: Oi— y jLJt JSLiii JiCj . ij'i/ yi blo*^b (Symphysis pubis) 

13 10 13 

• Chain Arg-Mat -Thr-Leu-Ser-Glu-Lya-Cys-Cyo-Gln-Val-G Jy-Cys-I le-Arg- 

20 

-Lya-Aap-1 le-Ala-Arg-Leu-Cys 

IS 10 15 

fi Chain Glu-Ser-Thr-Aan-Aap-Phe- lle-Lya-Ala-Cys-Gly-Arg-Olu-Leu-Val- 

20 25 30 

-Arg-Leu-Trp-Val-Glu-lle-Cya-Gly-Ser-Val-Ser-Trp-Gly-Arg-Thr- 

~Ala~L«u 


0 * • 



(Lu> j Liif) ^ \ , « m^** ij^^o ^tw»S”" J>\ 0^ ^ JLii Lf 

(Covalently) CaI$— l t*> o>-'*~ -" ^ J } . Jl_^ W*' r\ • t Y ,v Ol> 

. (I iit) a-b>~ ^Jl ( Jpta -L-O^j^Jl A-Jbj aJojIj i J^j (disulllde) -Ui jj^ll 4_J Lj jjulajl^j 

•%.’ _‘Jl\ -_«-ili ^ L»L-*j * 1 -,^» <J Lf ijv_^ LjjLiJ aJlpj 

^LJl jJl -UJLsi j-X*! JLii j . ( Insuline - like growth factor IGF) 0 ^ 

AjL-XJI i j~* ^ J *t/' ^ jijtiiLl (J Oir^ j ^ 

• J 5 " o^* ~X>X' C r ^^ u .J [ v_T 4j Liu J&r-J) Aj \ J\p . I g ,I*J 

^Jp 3 { y a - Mj . •^ LjT ji ■ j— ^ 1 .*.LJ /^—X^Aj J>\ jj*ij 

£ ^_lajjl ‘ ~ \jf ’ * , Ot— W^l A -.J .j JL>r^«J \^X Cis^i 

p-^ij • -jji^ ij ^—^ji <— *X (Rooster) X-~-lU ^^_dt ^jJL— Jl <j 0 ^ 1*ua 
. IGF J'j jd j — -~J^i Ji> Prohormone 0 3 ^-a j>—XAj J>\ 

^■LlaP l j%_> 0 ^ j»- ^ il ^X)i ^i-P Owalj ^--—5'’ ^1 0>tjy Ij 0 _^X^» 

^£»Lj>jI ^ .,1a.* ri ^ j»-^* ^Jl ^ op^/ -Lip i!\jdl ,*UiP [Jt -i»<-L>; ■ * _ ^ iiljtM 

^ ppL^J ) ( gr-^^ 11 Collagenese jL-~N XJ1 ^>1 

^r.. ■ -.'■>' w-’Uj-L't^-^' ti— i^) jj^i\ j *)j I \J^j\jy IT 

AJ * £jA ^_P ^i-P 4 . L l> 0^* 1-LA ^LfcP Aj8j j^*“ 4j^LJl 1 t-plj* ji*!l Ll-Jlj 'il J . ^ ®i^/^*ll 
. a 1 «a) ijj.^. ; — il L^Aj*-l cLiP ^jP ^ ^>- <ipL*J ^ J# ^p ^Jjj aj'I J.I:«j 

: Oxjtocin /■ . (t 

jC*jj 1 Jj*» ^■? > ~ A««.^c«ll A->L>LjJl ^^1^)1 -Lip a)^Lj i_£ ■ L -t.j jjP w ^ * j a 
l—*5^ 0 ^J* ybl 1JLX 4.—-* ^il 4_j>r _*;Jl C-»ljNjllil ^jA 4.j*«JJl ^-LaII ^P!t^mj\ £jA Or j^J ti Jjj 

e^N ^i' -Up ^Jl 2j Uaj JaP 0 y * lJLi jo Ij ^ -Lar^j 



j Ijla ^jA L«a5^ ^wu aLfilj • ( JLp ** - ** 

• c£ 4 jJL-,j Oli jA ( 0 

i-Ljlii 4_jJ>\ (Jj * OL— 4„>.J.V A j\ ji\' ^lp jJii 

OLfiL-iil /ji (ACTH) J' 0^ j*j human chorionic thyrotropin (hCG) v 

c^\-jjA j* 4 »L>^|L i_jaxJi jl jjbS (ACTH) J'j (TSH) J' ^ — y* 

(TSH)J*_j (hCG)oU ^ jX j\ ji\ ,j L»l* 'jja <>-.-« i-' Ji ^Jlj(TRH)J'j (GnRH)Jl 




, -AjJIaM ^jA 4 <w^U yA yb\ ^ t^sjj — ^***>-1 \^J 

^\-A I jLiii JjjJs-l ^e-^k* . ±Sj J v~jLl J— !J 

: ®>* j'yij o*-^" 


Mother 

Placenta 

FrtUS 

Adrenal cortex 

Dehydroopiandrosterone sulfate 

Estriol 

Estradiol. estetrol 
A s -Prognennlonc 

Progesterone 

Progesterone. IfvOII- 
progeslerone 

17-01 1 -Progesterone 

Pregnenolone sulfate 


Cortisol 

l7u-OI l-Pregnenolune sulfate 

Ovaries (cor- 

Progesterone 

Dehydroepiandrosterone sulfate 
!6o-Dehydroepiandrosterone 
sulfate 

A s -Pregnenolonc sulfate 

pus luteum) 

17-OH-Progesterone 

— 


Estrone 

— 


Estradiol 

— 

Liver 

Cholesterol (maternal source) 

Cholesterol (fetal source) 



Estriol 



Cr* <J-^ •, * . J-kJ-l ©x* J jb ^jU- JjJjjjU— *^[ 1 c->U y jk I £• liil c->Lc" 

(J-^3-1 C. *-•' j. f ©jU^ A'i _ Lui) x^Jlj ©xp 

jU^ aU jA yL^fy\ j*— NT! NT l y ©xil 

Cr* J-f u~* ° (jtj& <J t-Vj . 0 cT* 

C cJ^j i * ***1 — Oj_/— ***1 ijjd,/'— — l— i-> NY— \Sji^ **f 8 J J - a J ^*r’ T 'J^— 

jeJLJi Ojjw— ^ p 4»,. x ll li/l 

. (hCG) 4— .jJyl iXill 4-ill *-*—-£ JlI 0 

4^£x. J olx J— »il J«*^ r 1 ^ 1 *U- Ji ^ vi-*- J 

J tijJr~^-Jj>. J> i (Ji Jd^ l>* 

4 — Js jiUiall ^A o Cfr^j fS/J j- 4 8 jX*i oi* (^r* 

Dehydroepiandrosterone sulfate — 1' J 4 -Mj ■ xil j ^Ix^jw-^l jJL*J 

-X* yr ; ,,-JiJ , 4,» . .-It 4rt-«l iX»L-*r (^1 *^U 8 _/X> <3 0 _y^xll 

0 i3*"Jj)lj C-’U-S'-JjX jJx» *X->lX jj\JL_»^I ,^lp 4-X_^)'^|l 4-^-liil ©jili 

Jxji (v^L*i pJ J_ .3-1 ^ jy~ J~' * ^Jl xp (Pregnenolone sulfate) 

• tH 4 u-* J us^ 1 
: Progesterone i>j j ■ ■•- r jjdl ( N 

: J^A J-3-1 ©-L* Jjjo ^ip (C • 2 1 ) jjjl ^ 4— — Jj 4 j*^ 

1 ) Progesterone 2)16 -a-OH- progesterone 3 ) 17 - a - OH - progesterone 

•(jij£^\ OjUj- L»U £j) 3JL Jk3 L^j* jj^ajj 



FETAL 

LiVER 


FETAL 

AORENAL 


FETUS 

PLACENTA 

MOTHER 

i 

Cholesterol — « 

Cholesterol 



0*1 



• J— <y "t • ® ® ‘V*^! y*-^^ t + •■» ^ 

. . , « -]a]l J-yL^lii ^ -L-ty OL_£il i*_. sdl £-~*aS ^-UP ^y'Lill £_ Jr-* -Uj*Pj LflOju 

-up J^-^-* I ^_y yU ^ ^ ^y t-* j^M' <*s y~~* ^*ji 

£-r*^ ^J-^ J • ^ ^ J* '**<>* Jl J-*-**' 

£-*>jtJ . Ojjy—^-jy. Ji fS/' <y '-f^i Jj-*^ djjr-~ U-'Uy^l 
c-u> .u^p j=vJLJUl-/ riy-yL; . j® L*j!>UI jl7-a-hydroxyprogesterone -j' <_>' y — * 
y? ; ; * ■ J-*-^ y* V" t “l -Up jJLLL* / j*l yrjjtj ” * .' 0 • Ji 

<y '- Y : A y--V< j>-^17-a-hydroxyprogesterone~i' j-i y^u o^l' J-*U>1 

5-up ij-ii j 1 7 - OH -A - pregnenolone ^jtJLiaJi <^S Ji U-uJLi j . J*J-l 

o ; £-* ji *-* — 17-a-hydroxyprogesterone — il ^■'-^1 j ^ J’ — yS 1 ' 

Ji J— c-'-h a_ip j^JLJLL./ J y yLi . jOy ^jJi l*j^j j 16-a-hydroxyprogesterone 

<_i y» 0^/1 p-J L *j *)lj . J— y— * Y“Y y. -UP jlA L* / »'y yU \ £ • I \ Y * 

joirl xS ji Xe — ujj 16ot-hydroxyprogesterone -Ji jyyk t^jy * jJuuii 


_Ji 


j 


j L^-i-Jlj A - pregnenolone >16 -OH-sulfatc 
0^' £-*- o j-h ^ j . fS 1 ' j— * £r~*ij • 16-ct-hydroxyprogesierone 

. 16-a-hvdroxyprogesterone -Jl Ji <_£y jt ^j: y J LUw-i 


: Estrogens O' (Y 

• J*^~' oX * ^ ( C - 18) ^y J_w? A*>jf -Ur Jj 

(yL«lL»/^iyry Li Alo) 0 jy*^i (T” ^^LlL*/^lyry Uy • l\ •) <i 

(jJJL./^lyry'Ui : Y) (i (jJJL./^ly^yU\ . :0 ) < i (Y 

. 15 , 16 (0H)i - estradiol ^ « jL^ 


o • o 



oJU> ^■ r .,la3' (_J jjs] ji j^a. J L^»ij 




A.« ^ ...». l l ^yuh _ (j* JjS/t «w*iill JSS-j 

<« ; jdl ^ 5 jS olX (Estriol) • (Estrone)Oj>-^ j (Estradiol) 

aJ-ij -i — S' y g~i ^iil (16 - OH - dehydroepiandrosterone sulfate) Jt J*y^ 
l j-» (ji-Jr-l (j - j-lj t» ~*p£ V»^s - (Estriol) ^ * Oi* 3 **^ 

. U-iil j,* ^JUll (Estradiol) J j^U-'yi 
J (Estetrol) ^Lit <J L_*l> jl5"" 

Oj^ij . ^ 3 ^ »-xM j ^1x*j -Li* (Estriol) 

a^l— P 1 — j .,.- 9 < — CjLili jl i^*-,** j J ^A— L> 

. fS/' j (Estriol) <J (Estetrol) J y (/ y-~* j 

: Androgens Ol— — (T 

j ^ 5 — -l— ( C - 19) dehydroepiandrosterone sulfate J' 

Ji • J-J-* J-r* MIL- / yu \ "\ • • al y..-» • (J-*l Q->l-L-.,~i' 

.J^jLi *Ujf oL> iji j^j L*^i yj . ai'ij -U p jl1.1jL« / ^ ^'U A • • 


Cholesterol 



SO, 

Dehydroepiandrosterone 
sulfate (DHEA) 


0 • V 



dehydroepiandrosterone sulfate (DHEA) J; j*-J 0 y JJ, JjjwJ ^3' J j^i j 

A_)*^i 0 y* ji>\ \JL_* y ^-JUi -y y---* ys\J>\ yaju* . aJuL-JJ lO^LpLilll (j rt-O y j» \*S 

l-L.* otwi aJ ( metabolic clearance) y* 

. 1 Ji dy^si 

: (P) ufr*M (t 

S Jji^w* A.. A_J\jrLi>-i aiLj^jJ Lfci’l wl-iill -la-J^A 

jt ti-iiii y* L-L-i > iJLA ^Lp A y y 

, JLi J AamXJlI * ^ 1 AjLpj. A l' yf- yjt^j «- ^ 

^ l, 25 (0H)2 Vit D 3 Ji 25 - OH - Vit D 3 J' J, ^ o:> : T ijMb\ 

. fUa*il J (j » j . .— Ai a-J ^ii 0>ULfc*l) Vit D j y* LJ y y A la. Vi 

: Prostaglandins (d 

. a-*il y\ a .1 «. p c-i-j a%...» 1 ' (PGE 2 - PGFaa) ja^y 

Decidua basalis c>APlail JaiL-Ji cloiil j o>hjX : ^*-b— *jS\ y £ J ^Lp » jJLiJl j 

. *UJ.Z1 jyJ>- yL> Ajl J?l»il AjtJsJl ^Lp j >}> J 

: OU ^o.JLlt jLaaj^l 

. dll * obi . fOON' . 5-Jliiil at Al lC vj-t 5 j a^.oU ai Ujo 

• * -/ -✓ ~ ? v *• «/ t*' * w " ’*v f - •* 

^—Oaj A 1 Li 0 j » .i A-^r' '-S J* ^bJ^M AilS~ J 

0 - * f^' A^*V > A ■ « *’^ y J A-j y y>\ boLoli A^«Jbl _ A.«. ii 1 * -♦ 

y - P jjl—JJS , Aj JU jl AjUj*.;.;ll lO>U JL^IiUI A^?r 

iO>l 1 ^a>I Ji.::7 . 'il Aj^i aj a »».>., ~lij A-i_Ori Aa ; .-li yy _ aj a j jjj! yi y° 

Aj Jl.i . t..ll 0-«l I y jh l A« >«».U AjiLii ^Xf- ■ ** ■ -1 -Lai^j.a jX\~a y j >*S/i (ji y * 



5j J b^jyL— 0>'0 ^j-LJ of jj— £■ A_j*jjJl ij_S”" ^ 

a_j . t ill ^J_S^ ^J. -«., ■!> A_ji . <*-— iJil jy-^ ^Lp #j-Xail ( 

Ji 0i*-j>— 'V'j Cr* ^W*^' J-"j £^'l ^-1* 0jl*JU 

<1? .O^j 0>'-b JjsI—'tj'J yii JULi^i j*-j J . j' ( ^ip J^LatJLI Aj A- fcjjJtl 

. jL^l 

« jjj— » — Ol-^' Jl (j- 4 oUj^. yW jLSil j *L*M Ojwji _ jjjj 

jt- $-*•' 0 j£j of *—-*«-» • ® JJ^J *y £■* jr* Ai ij^i y •j'-p*- O^M jy^t 

A_«Jlij «JU-L*jl O*V0^rL A_^>L>4 AjL) y...^J> O' ^-lp 'jjL-5 J p ,jU*tjQ y ^il 

^J— ^**ii <*L**^/' |+ /-3.I)' c O J.'cJr' ^ ^5* J-Cj AjI jjr . 0J^^» JLp y J ^1?- l_J y ,jJJj J 

. A ».. .- l l C-»U y yj a jj\j yA y&"\ Ajiij^J'j Aj ^JojiM 

tj* J' di Afl!tdl jy^j <d~>- . (j <^y _/*•' « a? LL»_^J i Jj-vJO y^h j 

(Normal) iJS' (N) J ' j JUi?0 ^id (Prob) L*f J' yl' ^ Ot^ii' jf Jl J**"’ 


1 lormone 

Neuroendocrine 

transducer 

Basal Feedback 

secretion control 

CIjihI 

function 

Tissue 

response 

CM 

r 

— 

_ _ 

Prob \ 

PRL 

t 

— 

— 

Prob. N 

ACTM 

Prob f 

Yes 

— 

N 

I S! l-l II 

Prob. t 

Yes 

— 

N 

TSM 

Prob. J 

Yes 

— 

N 

AVI 1 

N 

— 

— 

N 

Cortisol 

— 

— 

r 

N 

Thyroid hormones 

— 

— 

! 

N 

Catecholamines 

Prob. i 

— 

Prob. 1 

N 

Insulin 

— 

— 

i 

Prob. N 

Glucagon 

— 

— 

i 

Prob. i 

PTH 

— 

— 

l 

1 

Calcitonin 

— 

— 

r 

Prob N 





J_£j .XpUiM jl ^J— *^-\ Ojs-» < j—A LtJi i^.. Ull AjL^j JCS-j 

ij-i <JUiLiJl il. ltll **—£31 <j aju - («■* l*iJ j* c^>U j* j a 

O^—**- 1 '^ Ul*^ J *> ^o- O jjj U 4 jw^L> 

%} ^l i ^ s*~ J u — * j J — ^ 

jr ^bjl . (ACTH) -i' a_^iH ^j-x*- jup Dehvdroepiandrosterone 

*iXi^ l? Ol^ 0 ^^rlS”* {j* 

**i JJi-’^J^ j L— * I <Ji fJS— ’ -SbsJ 

£- Ljj'l ^-if- Ol - *^ A ~t^' l X^ukjj . ^_ry jA J* j\ ji\ £yx%^Jj 

. (Dihydroxylated metabolites of Vit Dj) (Dj) Oy^ J-—T v‘1^1' U.u:)' 



JL w 3 oJ— ^ OUI ^i-i ^L>»1 v_j^ll?^ 03^1 ^Jl ~lp y ^iiitf- 

<,«1.».P c-Lj 3~*^J . *-A»l < j— * ft .’ IT i *»S/I JL_» oA^/^Jl ijl— j*^[I ^ ~* 

<^-J^—aj L> -1 • »* . <3 ^ - ; < ^* y*Uoil ^y o JL ajl> 4JL— .!,•« ^ 9jj3 

J^r j$ ' Ob jl.~mA 3 JZ-~ g-Uij? Li» y* (jvJrl ..<*!_> oi'i/ -LP y 

•U>l_^Jl ^yjl— (Jj^j_jj^^Jl (^y_»« w* j_J ^y^Aj j)j\ IJla 3 j 

Corticosteroid binding globulin (CBG) jj&\j. -i^i' o*3^ ^U-' j Ijl^- 

0-* jj-^ *>*-' -^-^.j Cy^ fjs— 3 Transcortin Ov. <J»yi j 


3 y 3 ®js^l >• — ■ ;--' j . vjyjj}^ '-'-tH 

Oy* ^ 4_Ljail j'yV' ^JUi 3^' ^ j£— iJU y y L*5” . i^-iJ.1 

• <J" 4J ’*^ 3 -*d 


NEAR TERM 



OXYTOCIN 

RECEPTORS 


CONTRACTIONS 
OF UTERUS 

PGF } „ IN 1 
UTERUS | 

/ 



0\\ 


PARTURITION 













Jt-jlj Li aU** (Jl^3» 0 J j£~~&r J jdi ( ^jA ij^S' 4 .., + . !}' jl j\ J*-^J 

jj-P l — J-L*^r L£ a bybp y~S jj 0 j> jA jyU Silpl £> (^Jiill .2 Up ^iaJ Jj 4 jL*p 

i^*^.S : ««. C . j^-ilt Ojjs^— ( ji>jJ)!i\ Jij£ Nj. l jJJ\ luUJj^j ^jjj£j ^1p ajuli 
ib LasL^I yuj (_£Ui3i uup byLp ^1 p oo 
vUj\ <»>jy ^ — 31 cii ab*ia^|b j ^ o^La1m4 

• a. . .. i < ?«} i 4^«L>t-3' ^ yi L-ia^t 

• ^ v^jUiaLiJ'^l ^Ip (_>y jyU 'Jij jZmS ' jSH _ / $laj vly- ^Ia pjaiA jJUi jy*ij 

jl j-*\ J*l^» 5lii oyJ ai^^ll Jj _/>-' j.i. ~ . * ^jjiJ 

</ ji — . j ouUU ibU yabi^l y.. -o_ J .(hCG) -3' jl >» Ju^ y,Ui^ iydl ^ 

^-1p <JjJ^'j^ 3' j-JJij • <-wmiJ 1 yUJl ^a j$\ j\J\ eib j J1 j 

(PGF^oc) aub^ ^ a a ^ > ^ i "*"‘“ * < ^ ^ 

jijjs— ; J-*^ s— '^- o^j>— '^'j t>* (X -^yj -r^' 

JJ 4_*pLJI ..'■?» 3t ^L-iM 4 S—^U’njJ' ,j— * jy-^ J j^SjSl \ tL>JL»t >— -~»- 

• au'i/ tUU ^.».** ^13 y*l*J' jOu iJb . ai^f ^ll Ujp -*pL.». j > 

^-aj Pulmonary surfactant J' oJy j L.U i jjo Uaji Jjj-J j^Soi yjtb aij 

4,,.Ja)lj yiSs-Al .*j*S^ ~^« >' Jj ^iVJr ^^Liji-1 ^jljAxS^J 4j jJ )\ OyLrfSJ 0>Li3 <L»J^L3i ailli 

Ui j-p Ul yLfcjJl a j_a up' .7 u tj . u-£ll (jj t |_7UjstU 

. a^yyi «Lj' ( hypoxia) 

cjlj>iiJl iii- OjSJi o*-j ON' (i ^'' & ^ ^ f^*3' ^3 pj 

^JLp ^uu ^Jl <oUjUJ^L?r\jL_**< jjJi t_.*3» ui 4jl ai^j j3b 4 ]a-J jJl' 4j» jA j^J _y3l 

jyJr\ ^jyy-5' J* J olUj (deciduum) i^Aplall iaiLJl ctlii' b^U- y^pl ^iau- 
. 3ua (j L«Jj 3jji ^ 0 jjW.m^' jS/3j ^1 oLia^|b 



LACTATION 


• 1 *%'• * 0 -C ' Jj*y J-^* js* y 

. y • j^»ll f.Ujt 3jay _^il 4-Iy* yM C^ljjisll il OJL^ i>L..>j- 

J-* 4 i^JJill Sj JiJl yi-lj j^aSj Cj\ ji# (3 OjJb*- -*lAi-» - <_£jjj-Jall y«J 

^ jl.iw^ ^jJLC- ^ '^^ull ^KJ Ll> <Ajtij . fti^l ^Jl JUu ^jvlll jljil ^lp 

C/^jj — ** : — *ry£~ V <— *0»JI ti^Li y jM f j^> <: — - 

t/ 9 -^ (j U^Ji— 'Vb OS— ^ JJS^b _^T _jUr'j 

oljj, i^l il \ f 1* fl l Jlj ^1 j cO ^*A-P (3 

• ijs^ j^j^V 5j V y 

4 J^AJ Cj? 0y* 

JjJp y* 5 j^-Ij SJLJ.^ < ^» TT joo • ^jy- Ojj y Cvjji <j ^ y*j • 

i^-*U y y p jlp ^JLJl <**S" y oOj ^ JLitJj . ly~»l I ..'-» «**• \ ^ A { y *j 

0 j-a jM y. i yjl Aj LuJl t y jO^jl 2 y~ j y ® _/^” ^ (Jr - * O liA jS~ Jjj . 5j JLiil 4-^UtO 

±J/s\ — Jaj Os*^"*^ J J>^ «Us*-ylyjJi jmaj^jJj . y+jJl Oyy^j Ui 

* 

4 ««■> Jj c ^JUtll «JLP Aj^I ^jllJljj ^JLsll J (^^lil-1 ■ ^]l ^*i j jjjftij 

L-» jtA( <^y->*-> ^ J — * » M . <J*jjMA J%ii ^-iJ' (3 » Jji u( . ijdJl j' Jil ^y* - v_— -L^ 

(3 y > » «««< ^JLp-t ijj_iS^ (j^ . Ji tlr* y ■ - * 1^^ ^ 

• Os^' j' j-^l j' eLij' 

^j... .1)1 ^ j-Ja)l 4 jLj9j Os^ J: <tm - > ^ *Xiij 



Lipogenesis<^-W^' ji J *— i ^ jjf Cr“ Vi 

• j' j * l Ji ifjJs* (PTH) J**i ^ 

j-* ^ «-*«-a* ^ j->' J ^ xJj . C^' jM Ji %_y iS*Ji 

; 4n»l£r l ^ 1 > J> <j7*iji 

. ^ Opi ...il ^Lp ® j** 1 !^* j^J ^\ 

• tjyUl ^ j?>J j ol-L»xl— *)[ ^Ui*)l viij <jLfcP ^1 p i y»^>- jy l-» OjjJ- (Y 

<^-1— i' (1,25, dihydroviiamin D 3 ) -5' £^*i ^ ^>y- y ol^dl; (r 

a Jut (jJjLit . (jybl <J15^ -J ./,% ! ^ * t 

• 0v^ (ji (J olJL?rJ— 4 j>m-1i ^ ^Uajdl -LaJ 
,j%_Ui 0^\. -1 a j^Lu.- -laJjk — * • 0^1^ jl *1^ ^ 

. (hypothyroided) -l»Ltjii * ..*i* A\ iJ j-u' cJi ^>Ij (galactorrhea) 

> j>ii' j\ J*\ jf jri Cr* ^ J>**i 

• OV^ 1 j'j^i j' J^' Ji ^Uaj^Jl (^JJj 

jl j_i^j ^JLJ <y^J^ aJlSCSI j ji aJjJ 5 jJU <Zj\j I jt'm j 

• J ' ^ AjLfcP j\ j.+l^ lj (jdM 

: ^AiJl jjkJ ^ Jv . -l t 

Hormonal regulation of the mammary gland development : 

jj *** 'j ^_*JJ ^_i j* j }a .ill uijJlJ a a-^ll Jjii 

(jcT'iljjuJl jt> 4 J.lit J-Lill j ^*ji ^A1 J— io j . 

j*— Ja-Jj jjiaj i^i • Jjjr’ 

: ijjjy 



Insulin. 

epithelial growth factor, 

growth hormone Cortisol 



Cortisol, 

Prolactin, 
placental lactogen 

’ i 

♦ 

i 

I Secretory cell 
Insulin j 

Progesterone; 



LJJ j 

^ U* ^ Ji c--' ^JLlJ Stem precursors 

. (differentiative phase) jy*A\ j\ j^\ (Proliferation phase ) ji 

: Proliferation phase j' JiPUdl ; *J|jl 

jf Precursors Jl Stem cells ( ) v-l— ^ 

,j O jwllll C — ^ SJb- o j — * {_ y c£^ 

J-S" Jl-4jJ ^ — *5- o y>j (Epidermal Growth Factor EGF) 

O^Lj ^Lp «i5j • 4 jL«-P ^tbAl ^lp 

. 4 — Jl«a1 Jlp L.-. * jia L*5" . (^1 0 y * 

iS * (j* LfcS”* ,^1 p ^ siliiT 

'jj$ (» J • ;J (cAMP) -11 j 4ja-J CjL-JjjjJi 


o\o 




OUi J (TSH) Jl ^ J-T JlT dj . U^U- o-Lil Jyfv jjt\ 

0^— 4 <^iMj Lj^Al j>ll (TRH) Jl > jJxIl j^VJi 
•aV-Oi (TSH) ^ j j'>V ^ C^ 1 t) Vj*d' 

4 : a^ JLj<A^- ^} ijyj£" 4~«*aI ^ 4*ijiA]i oi> yA (^ ^.w.ifc4^ 4 Jl^^ , ^ i w^r ^j\iii ji ^ii 


: Differentiative Phase js*A\ j>— -k : L-itt 


c4jt ’V'j 0)—^ jj. — m 




X-il j . jyal\ 'Ju. j l jjj (Hydrocortisone = Cortisol) ol-b ^£-7 j£ £ ^—i -' j 

j5_P aJ_A (J j^> *y <11 j^P '-r J W*" lj {^-tsll (3 j^is» 


jj-LwtULj 4_*dLi*l (mRNAs) <-j oLJ 1 il ^Ip Sj^li 

<j 1 jj$ Ojj-j 0_^i '■*■* ^ js* • jjjLJI c> •— ■ J ^h > J_p^ 

kl-Uu ^j-i J>S ^-Lp o-ipi .»U j J-5i . OLiJl IJLa 


<->*j*i/ o^-i— i j£~j jf _p-^r' oJLS^ ..jyJil O'LuJjjJ (mRNAs) *ijj 


jt— it! <*~Jai j±~Ju ^ f 0^* ^xjJl IJLa ^Lp <jUJl o'u-J jjj £ji 

Llj . J-.J-1 Ov-il< <jij& £-* <J> ^Ljf jjjw-or jjJl 0 J-* j* ^ kS 

^ 1 P 3 " -i **,+ ^ Ol ^UJi {£ J. .. ♦ IjL* ^^3 1 

0-S— * 0*X , J/ j ^-Lp *Ljjf OjJ^— JL~S\ O^i. SjjL 

4j( j^S- . O^lUj O^L<C. m | »^ ^ 14 • a 4^—. 


1«Xj^ a ^1 4_j L^j vl»lP IJbXJ* l— -U^JLl (j~* J J jZ**a 

U L* iUj| ^ J Jjs->J »*■ i OpjJj o ^pLi ^ j U i*l O^LaImw^ 

(mRNAs) 3i j>J* 0^^ jj^' j' yi Vh" <£*}l 



jj Jfl.7 4 ..iT (^5 jjjilj ,jorj^«»^|b 4-^bb-l 4~*Jtf jS~ Ji 0^ -S jij 

ji** *•** Ji ■»»> La^ Ol j • al l jj Ifli 4 ...» ^lp (_J^J l Ja*jI . 4 j l.ll! J-Lilt 

^-Lf- l ■*■•; (PDF') ^Ip 4»t JliLtU ,jv*bjjJl 

^JL*i 4-ipj . (PDF) -W l£ y ~~ i 4 Jgjy- ^ ob>^b (j 4jJblll 0>Vb*2J J^iaj 4--J 

^JlP 5 jiLS jj_P uaJ L_$jt iJ-iJl JJ^J cbjf v*» O"* (*^ 

^S"" jiJrl J?l_yjl £— C ^JLll (j y~- * £^biJ l Juj t^/JJl ^jJ 

• <Jjl 1 4jl .111 jJbr ^lp Oi ^ii I^JVj2..hC. 

( j^>!JL» £_> 4_jJL*)i 4_->U«xjil ( ^ r > jl j-*\ .la;~ j 

( _ ) ^)b la. til J*i!l J ( + ) j>» ^)b 4-iil Lai-i* jt JLftJ j . i-w ^1 4Jljy III 
















jJii ^r>’ (^' 

Hormonal Regulation of Lactation 


: Effects on Milk Proteins CfrW OUJjjj 1 

Ij^) 4 jJl>r (I ^lp . olp 4 fl.rli . ijwO 

j5 _»U oLjS Jj-j- ^ ^ 4^l>- ^1 p 

o_o 4 — :? . (Adenyl cylases) j^£-— JiLoty ^ 

(mRNAs) Ji <j*ti 5jj' aJj^I l\ ^ ja~~ T 

(<X - ,jj * j~>\ <S S"" ^[ l a)f j -- ~ — ilj — Ul ^j-iS-Zi 3 — l 

( P - Lactoglobulin) j * ^ Lactalbumin) 
^ ^ lif- J^r — ’Vb J_U Ji^-^ j£— iJlj 

. 4jjt b^>-> j (jjUt oUj ^ 


Milk proteins secreted tcasem. 



tslrngen 


0 ^^ 




: jjJl jljiJ jJ(j 


: jLil j*— )\> jOlil jljilj s ^a*M ^ yj& f .l a- . r U cfi*- 


SIGHT OF HUNGRY INFANT — 
— *-RETINA— P-MYPOTHAL 
— *- BREAST — *-ORIPPING 
OF MILK (ALSO AUDITORY 
STIMULI OF BABY'S CRIESl 


PROLACTIN (PAL) 


PARAVENTRICULAR 
NUCLEUS- 



TO POSTERIOR PITUITARY 
TERMINAL (SIGNAL TO 
RELEASE OXYTOCIN. ACH?) 


1/ SPINAL CORO 
I NEURAL 
f PATHWAYS- 
SUCKING 
STIMULUS — »- 
BRAIN IN muc 


ji' (Mammotrope ) o' o^^jA j ] A ii* j J 


: yi\ o' £JJ J'yl j 

aJ (^JLM j Prolactin Releasing Factor (PRF)Oy^^jj>^' j ' jA 
j\A [ (TRH) -J' s-i—i (TRH) Uj Jdl a 4' 0 r >» jiyi 1*1^ 0 /h 

. 5j Jill ajaUJI J y* (Mammotrope ) -J' O' 


oY. 



Dopamin (DA) y l-iyJk -W y yJ'j (PIF) J®*-' ,ylJlj 

• jl j*\ J*«~£j fjju si** 9- 4 ) litis-* -ti jf 

jlj-»l J-Lji* y* jl j-»>‘ yJ' suMyjH. J**>. ->yj Ji 4iU»^|U 

J-S.L1I U j«t jiJ» y jl y^Uy^' y »j'yl J>»U jJtt y M 

la • » < J*l-P ) Ja. j ; g Ojj^— • 4j*A*ll 

Jl ^1 p SyL* JyJ JjiJ • jlyl J***-* -*ijd JUIjj ( y^jjJl 

j (P - endorphin) OHjj-^i 1-^-Jl j j-*ij • y^VjjJl j' yl Mammotrope 

«-~*l^Jl J Corticotrope J' j ( P - LPH) J' Oyy yj* y o/^U- 

Oyy ) Jjj-J W . Mammotrope -1' y jl yl ^*^1 

. yS"^ypJl jl yl Ja-d Mammotrope Jl JLp L-^p J j-i (itpr^l 

JJLJ d- - j- i—P-Lrf* jJl y* OrUil 4---^»«U t -jt.^.‘.H y» SjjLall (OljLi^l Jja***Jj 

lil (millisecond) yJJ yjl' y «> j £^1 Jl JuaJ <£yiil jy*Jl y 
jJlj (TRH) -Jl jt (PRF) j‘y‘ J*Ul ff-r - jlyl ^-o ^ j*eJl jU 

y* dJJi q-^.j • j' yV Mammotrope Jl • jj-^ J}>. 

<-jwa*ll U!AJ-1 4 -.J jt ( Seratonergic neurons ) Cv 'ylja-Jl «jyll 4 --a*Jl 
jl ^-ii ^1-ij-i y LiJ U» ( Jss_ (P-Endorphinergic neurons) jJ jjJJlh-ii « jyll 

■ 0 

5_pU» ^11 J-*jJ vi— . 4 _pU» JJ 4 .j :; ;:il ol jJUl yi y LJl j£jJl Jif 

•J-* i y * ~- - -j J Sij-A-fc* yti-i y Jit J 5jyj)l a jjJ J l J y^^/jjJl jl yl (Jja« iib j ^1 p 

jyll i^S jZj ( Pituitary deplition stage ) uy ^ M jjJ J y^' ^1 y^|l <L»- y. Sjuil 
•jJ*Jl J Ol^^JjJl jyi • iil— jl 4pLj» ^1 «JL» J JLp djoill «JL* J y 



AjlJ l ■ * » i l A Cf\ .'a i Iff) 0 ji \Saj\P* 4 fl j J b 4 0 * ~ ^ ' (J-XjlC. jyj£LA%^\ A^J Uju 4j 

^l— . «_> JjiM 4_j>L>uijl lib J*A*ll IJLa j - * ■ 

- a. : .tl ^j-Ip — Ol-i ^ a j'j^i <->-^'j - (PEF) -Wr^' 

. 3p-L>^Jl *U»f (j 

2 brome - a - ergocryptine -1' jf Bromociyptin £ yjji^ J^*ij ^ 

4-isx-Jlj A-Jail _*»L*>j^l Jj Ja-1* ^J-*l*S"" ( * S"" j»Aj J 

• 4-U^- J-i— *-> * — »Ui»'yU i yc^')ljjO\ 0 ja j * ^ Iua JLLj 

r ,jo yjjy^ < r ~S' jS\ L*^m 



1~la ^ ,.*r L«^" . *' »**>! *\_j! |^n_LJ\ ^1 l_j2j t j.a^ i«-ll IJLa 

. ^jbLus^fl {jp- OtLM J ^ ^Jsi\ i^UlM ^y> jA j jjOj 

^ j^ail i^j A-Jli» Ajjl>>-*i 5i j*y \^j j>t ll IJLa *-U»< '•■ k ~i 

a - 1 1*V j| ^_ip 1 — v 1 3 ^ ^t-3 *-^— ^ ^ q*jA i,, ■«>* » ■) 

* " . ' j (J5 L “ ~i j- « ^ w-*^ O /nj - V J lUA 


. ijA jUuOl lUA 



OU y» jA 

Hormones of the Kidney 


5-il ^Jl oLJl^SS oLj- ^Li>- \jjjj ~0 lj jj ^i^Sl v__*lJ 

£_Jl y 0~* < _/ a „l>uzSlj j_li-l (j>-Jl .«»Sl CjI i ^y Jj Ji*lt oLj i>-y dii>- 

. A .^A f\ *. .*% oJLP j .‘sic* \^) ijLjzil 1 

jJjjj-Ii J-i^ y y-»j - (renin) Oy ' j- 4 -^ Vy y^l y 

v'i ^ y ( a 2 - globulin) U j^Ul uyj^ yj* (Proteilytic enzyme) 

«-r~S <-i£3l JjJ 5j_p ^Js- U^jOj y j; (Hormonal angiotensins) vyv* 

: sJbll o>Uy >1 Ji oU.'fli . 0 JJft — yj^l j\ J\j 
tS j — ^ — SI o>l j — S' j — i j£Js { j'il — y* o j — » j* *~*j Erythropoietin ( \ 

. ^Ua*Sl j (Erythropoiesis) 

(D) iitiJl vyy^ 5jy-aSl 1,2 5, dihydroxy - vitamin D 3 (T 

. j*— Jrl ^y—JlSsll ^JlJLSl Jauiji- 

(Serine proteases) yj&- jVjjd' »>1 y «— Kallikreins (T 
0 J-S^S f oll s^LJjy ^ J^-^lj (CH 2 OHCHNH 2 COOH) ^‘L^l 

. (Potent Vasodilator) *t y~d' a-pjSU JbJ ^ /j (Brady kinin) Jl 

ol jwUSl -Lj-UiS j— jan^ dJLSi jJI _ ^lS3l j 

yfl-wd cl — *...<3 oJLJtS' #1 ^l£lS aJ y ^il y»- 1 yJl ^y>Jb ^llil . <Li y ^Al 

- .til - I* U • t . • f' f ..!• tl 


■ ^y~ 





^153l 0^^ 

(.1 ^*^1 Ol *~j 


Erythropoietin 

^ j_ .IlCli oLiJ! Jai^ 

. <4«Jl . fr U.Vl 

1 > 25-dihydroxyvitamintinD3 

j-^ Ojj^-jjJV' 

■*j'« jit j, jU:rt Jl 

(Renin) o&Jkfiji 

. Sj£jt Oj* o-iP 4 

Angiotensin <-^>1 i-iu yJi 


(Kinins) oL^-£Ji ^ui 

(‘je — It i)ai globulin jyjs 

. Prekallikreins 

^ — * j Pradykinin J__u 



>L jui ^IJ l! ill** obu» y» 



■‘■' ...^" OU jl £ 

A* 


Juxtaglomerular o^&i 


s^Uj JJ^L ■» li— • 


A ^ 0^— 4^^-Ll3\ ^jA ^j^jI ^Zmj \jfc* 


„ O^- 4 ^11 ^ AJ 

: ^ i^ 1 ^ -Af ^ u ^>’ 

L25,dihydroxy -\itainin D 3 (T (Aldosterone) Ojjw-j-dSM ( N 

Atrial natriuretic factor (ANF) or Atriopeptin -J' J>*U (T 
(ProstaglandinsJobjJJ^UrL^jjJl (© (Vasopressin) ( t 

(Thyroxin) j±~S (V (Cortisol) Jj>> P 


otl 









(Glucagon) (Insulin) — V' (A 

j (Catecholamins) ob^l 0 • 

Ji 5_jLU A fo ^Lp J. Peters ailj 
J*-iJ i— p>- oJLa ^ja j . 5J>4a31 <lJI ol‘ j£l (ultimate guardians) 0^ 

l_jj f (j p— -£ Ijs— «ill oUL*)l < 1 ■«■!.«> jJ} taj^i Ul^* 

J_J JL*il 4jlJ O jL! Ij ^lll jl~S. jf ^JL$J j . /t'C 

. 4_Ii Ij .~ll ^ 1 1* j ^ j SjoLassJi A-ijJrl O^JjS/t *j j*a a*ll 0>LS”" jit 

^U-l 0t>-^ JLp L.U L^r \jy _ Jl oU^L . US' 

'j-J— a-* (^-^' 0 jl ^ jc-~£. ^ J <;yi la) . p-T>U.l (Acid-base balance) </ >Liil 
. iS U >’ j* j il olj^jLzil JL-ull lia* l^J ^S' jji JiLa^L* oli a^a*!! 

^_Lp h - j 3 ^ A^aJilt Li ^Jaiu ^aJl ^a ^liCU y » a ll ^Ja3j 

^ Lp a j jil oU Jj JjJJ <L?r ^1 ^ .la;7 oU^l; LjJli ja ^a 

. f ^Jlait OjLill 

I ^l&U i-^jJ J m ■ .. i) I . 3g^M . <U; jJLJl . ij SfjJ Ol3*>U5l 

: Gross structure () 

i— »- ^ 3» ; l t ^ -i.i v_3^C_p _ QL:.l£jl ^*^17 

5_j jj—I <-»l>-l ^ 3 a — v ^Jl 3^1 a . ~ .p (hilus) ^ju a?r . L«i ^^Ls3i 

. ^JU-I J! oU'fl U50L 5^bLl c^Uip^U 5j_^ail v^j^i JT ^1 P^ 

! ^A Aj^Lj JU-ji >^.. y - <jL~_ aJL 5" ^ Lw» j& LpUai JUl 9 JiJ 

(Renal Cortex) aJSOiSj^J (T (Renal Pelvis) <JK3' j» y (> 

(Renal Medulla) (T 


oTo 



Renal blood vessel 


Renal cortex 


Renal medulla (pyramid) 


Renal column 


Renal pelvis 


Renal artery 


Ureter 


Calyx 



Renal papillae 


Arcuate artery 


Interlobular artery 


Renal capsule 


jA Aaf J-^T j «_53 j j 053' 0 ^53i 053' L.! . V.JUJJ 

. U^* jli' f >=M ^ 053' i ji-i U . (pyramids Jlj ) j 

: Microscopic structure ll y-TjJi 

y*J • 0153' j. 0— 'O-V' OOsjJ' o-u>“_p! (Nephron) Oj^^O' 


aoLpj 'j-* di-55 \-*j f J-il f j—* JjJt ^^53 i' v^r^' 

. 3^3' ±j£jj J\ 0,^3' 

jLpr'j ( Nephron Oj^-O') 03 ^J' Soj- UO a>- Lc^ ^ Jliil J50Jt jj^hj 



Peritubular 

capillaries 


I 

Cortex 

Medulla 


I 


Collecting 

tubule 



j L-L-t jl>t y (Renal tubule) o ! Lyt ^ JT J 

^ o j o ^ j (Renal corpuscle) <> <> j aJKM 


. (Bowman’s capsule) Ot. y ‘*]oa^s. J> yj (capsule) Sjai^c. (glomerulus) 

ij \ jJl l jJ l I p jJI y*il cyM jw j . ij y^ll 'k /)! j ^p IpU*S Ji£ Jbil JSLiJl j 

j j . (macula densa) (efferent) j^Uai ! j (afferent) 


oYV 
















'Js- li yr (Juxtaglomerular cells) bj&\ c->L J*S\ cul jj 
^JLp Lfj ^uU b ^l^Jl b J>S\ <j b ^»jil bc-j^\ (Podocytes) v** 4 -*^ y 3 *-' j 

. 0^* j{ 5j S a .U\l oJL* JjIj j o-LfeLlw* ( ^^Cj • A-ii-l 

. (Proximal convoluted tubule) b±JL ll UiLli wSll (*— y i' Cwj 



oXA 



(jubj Jl> Aj j>-iit A-Pj^ll *£• y£; ^jip {Sjp^i OcVjJ^ll ^Lp I. ..C jJ Aj ji^it Aj j^llj 

(afferent arteriole) •> j ' ^ cLp ^JU <j j>S\ Jl f-Ut J_Lj ^ jJl (^ ^ult c L_p jit ij 

iJ ^ 4 tf/- d i j— * Lpjj-U JL^J 4-Jle-j (Loop) aL^-VJI jf SjjP "t » ! £ • (Jt < » .- a'.^ 
U j£* j^L-uail *U jit • (efferent arteriole) >>Lali cLp jil> <J>j** f-di £ jU- <j> jl» 

.> jJLp jiL-aJl aLpjII Lj^U^ . ajjL^M i-J^L io-^ a-pj^/I ^ a£— i> 

1 U j (Juxtaglomerular cells) aj yl^it ol j£it jjU- L^Lp 

• Oi-o^ (*^>i ^dii jJ-a* L!>ljA-l w-LL* j&jj (JG cells) 
j . o jl£it 5 _ -jS| 1 Ajt-b (Bowman’s capsule) OG ^ aJoAjp j jC'j 

A_£jjj»- ^IjoU i--j ji 0 (Podocytes) Aj^-Lili L^Ai-L «-J > yJ ^ L^Lp sJla 

A— ; jl£jt A-j j^it ^1 fjJt oti jA-t 0*1 i oLS*" jit jJj* A—* jf j»— 5*0“ 

. aJL^P fLlt OjOCvaM 0>Li> jA-t 0<1.S 0*1—5”* jit 'bfl JlAIi *^| ^lliljj 

Proximal convoluted tubule o*di' cyA-' ^ A> jKit A~jSM 0 j&j 

oLJ-j^li Jt a_»U>^L . Loop of henle l ^-L* distal tubule <_£-ip\_iil C jJrlj 

t j^l ijt J_jt $l_P jju A_jji5”* A ...if (_£-LpLaJI frjJr-t J-A^j . Li y>- ^il A-Jlpjjt 

£-* J_>-!-uj ^-Jtj Macula dcnsa Ai-i£ll AaIJU L fij5* L$o jLaj"^i sisji; Jj 

jjA-A^t l-i — *> a-1pj . (Juxtaglomerular cells) <■ ji^Jl O'Lj^Jt ^>\ L*A>- 

^j-Lp A-J jZ^-\ A_-jjS|t jjj y jit ^Lr^rt t ^>r ji J„ m * ' t JuA^[l ^>; j-ijit 

• ^*^**’^ Ajji^Jt 5jj^Jt ^t J>.t-dt ^-tit P (^j-^t ^jl Od j--ltj £jti-t (J jJt 

Collecting ducts a*^I ot _yull j ajl*JI Udit a^-J^I v_.^t j 

^Jt Renal papillae a oULU a^Ljlj iL^dt a-— J jJt a*^1 oLill ^ ^jj*V a 

. Jt A^&Jl oUjA^l j!)U j£ 


oT^ 



£_ SJ ^Jl (Juxtaglomerular cells) ol/il oijjU- 4*U Jbll JSoJl Juj 

Ijjl l— 0 *Ia jyJU ^ , 0 4j ^Ipjll * 

jjl yii , ^1 p -^" S» l4r‘ .^j^p aJjLI 

• (cry) A-i^b Sjj^IIj o>l — £* Jj (SG) 





< Glomerular epithelial cell) o^£JI *-i ^L_JI L*f 

_ j M . jJ'i olj (CT ) _ 4-jjlpUM (BL) . (capillary) <j jSi'j 

— S/I (FL) -Pedicals Jl jf _^hll v- 1 ^' -^j^l (FP) - oUoiil jf (Fen) 

V— ■ >» !j_J OL*_^j *]aa^S. 1 <J ^l^JI ^IaM 

. Podocytes Jl Ij^J- v ,JL ^' -tfljjJl Oy *jj-^l ^j^/Jl ol>o J^U=- JJt—Ji IJu ol 



0 r\ 



4_J 4jib>LLt b^(>- f SJ j\JL* *jy ( ^S*J 

. iit-»Li-i allill Sjb*- j 

(proximal tubule epithelial cell) ^ y*l' 3-idLU *-j5U (A) 

LjjJU / ^- ib Ip j}b jju— ifkxj (microvilli) <jLij oL_Jj» IpJa— ^ 

^ (AV) <--*i oUi yj (Apical Pits ) (AP) vJ ^ yt J* 3-bU ^ . <IJa : ^il 

. (Ly) o»t. Apical Vesicles 

(Epithelial cell of loopofHemle) (B) 

. aJLA- 1 Sib»- ^Lp 4*>l ^Jl j (J jlall j 3JLJ-lJl CjL«JLA 4 joJl 

(Distal tubule epithelial cell) i-W' v"^ (C) 

-Li j . (V) o»Lpt j» ~ (M) iLlai—Li IjJu £ y-il y* o j ^ 

. JUi>U oj^Ul UUall aJUH 


»J»-k£ i^b (Collecting duct epithelial cell) **a\M SUlli b"*>U* «JU (D) 








; I OL1*a)I 

J jJLxli ^_jl jjl O’L.JOl yy>- cJ ^-*«L**^/l 4 ,.l^il j< ;*> 

o>L— ill (3 1 jii.ig j 4_Jl£jl j . ^ e.\ • bJ&- ^1 iiLu?^ l> tobJ 

■ ji> a* 

. ^-lli J 3 «Jj 4 ♦ Va ij (^JUlj 5 j ji^il ^ ^ 

• *ti y*Jl 4 j^1S3( y jl y^l (Y 

. ojlaJI <0^1^11 oLJ^I y i y\.A~*^\ (V 

h a - tal l — -iiil j-S "" j •, «laii .^Lp <^>IJl*jl 1I aJ LA 

AijJl Lj-lp jJkUaj ^Jlj aa hs tll j%. . ~. > -l ^JjI^* - ^jjS/1 ■> — —^ _^llj - 

• y^il (internal environment) 

OjyLJb iJ_jJl aJL*»yi ^Li»-l v_~fTjdl Lh.lt •£ Ic *j jJbSl ^ISoJl • 

y\*<i\*\ t o-slc-l ^y^L*! 4,i,l,;-rfjki ifj\j*ri ^Lp y (nephron) 
Countercurrent distribution — il alj4^1 ( _ r -£p ^j^lil—; ^ ■».-■ -J L* jw*jj 

J. * ll ^ .. «til 4.. 1a a il aJLA , ^b-l»lil ^yljJl O^Ltil ay*Jll 4l..«yi 

e.sLplj (passive diffusion) ^ H jL-Xi^l cA..L»p 4 _apOj Jl j 5 _j yS3l cJjb- yi 

«LpI j^J j . oU^I jJLL- Jt>L>- ^ jl y^t ^ hj&\ oU^l ^ ^Ul^I 

y* ^ yuaii iUi^i jij* 

.4-; yjhil ol_*l>^l J J ji\ (active transport) JUJl j> - h Ju - .ll JlSii’^l 

J y 1^1 iy y- y j^ill J^Il i_ ^l* 4 - ^Lp L y£" — it«*4 ^*Jl aJja 4p»-2» — <J^Jl 

4 — J y jil jl y>l y**'. y\ «i<^*4l 4j y^ll oL^J^fl JLju j . 4.^.?r jjw j( 4j jjlp- j( 4Jjji oJlS^ 



BOWMAN'S CAPSULE 


AFFERENT 

ARTERIOLE 


EFFERENT 

ARTERIOLE 


600 1 

600 

f 600 l" 4 

DESCENDING UMB 

\ 

\*>o \ 

^nvo- | 

OF HENLE S LOOP 



•**S 

800 

^ 800 f 

1000 

■J* 




t 

1000 

1200 

,f 


INTERSTITIAL FLUID 

X5 

> 1200 J 


HENLE'S LOOP 


COLLECTING 
DUCT 



ANTIDIURETIC 

HORMONE 


ALDOSTERONE 


ASCENDING 
UMB OF 
HENLE'S LOOP 


URINE 


l)^— (Jli oLLf A^Lf* ^ 0 jy. i, jt ^ 4_J #-L^- 

• j-Llll ij wj . Qj^a^U aaLmJLI 



; fjJl ^-1 JJ! yJ ^iJJl OLiil 

Homeostasis of fluid, electrolytes and blood pressure : 

; {j* jcJUil oJbifrj ^Jdl oLill 

Renin - angiotensin - aldosteron system Oj jw- jail _ I - jcj J>\ fUaJ ( \ 

. Adrenergic nervous system ^jli-4-Jl (T 
. Vasopressin and atrial nutriuretic factor (ANF) or atriopeptin (T 

.-^1' OjI J n A*:7 . \p- y jAA yjl 

f ^ 5>*— 1 \y Extracellular fluid (ECF) v*- j*— **-* J*' y- f**- 

^3-i J 9 Cr* 0»tiy I j AjjJ- j»Jj % . Jjlyjl yall y 

(^jJl jy*ij • <Jyl^ j jyiil ^ .l -a' .i 

oLj (_J J — . <Jyil j jlyl AiP 

a]j .~*\ j> i L> yJL* Jjuyu aJ yil oL j} yiil oUy f y Jjju* JUjj j . <u 

^-1^ atriopeptin — 1' j-'Jij • fj-i- y* y>*>U^J -byj atriopeptin J' ol jjJU 

(relaxation) L$jU£ j\ J_**J » y-Sol j ,JL ^ Si y t L-Ii! o/>La*Jl 

£j-)Zj~ai\ oLj jjf y>l ^-J-P Ojy — 'j-dS' j-'JiJ • .l a .. « « ?» ^J 0 -^ (JbJb J 

j . £ jL>- Jj\ — Jl ®^Wj <Jl oL-J^M y 5 j-i-L* 

— ijfcSj'j Jl ^Ljii jjjIJ *U -.1 ^ a J^jl (_) y oJLp 0 yiJ ^y jl (J JjtA ^ U:7 

) j—a J y Sop Jl^-l jo*jj . (renin-angiotensin system ) Oy-*J 

llljj j j - a'I JUaJI ojIjJ IjT 1 c<>La1 amjIi lu/ ^ Ajlf 

r— ^ J- 5 " fill J...A* Sib j ^ AJbbl ^ jLp- ^Jl j ^ y 9ib j 

. O^il oLUall ®-La 5^b j Jjj . Ajbi-l 


joj \£- j (renin-angiotensin system ) fU* jj - 5 u^^-J 

ojlpl < w...; l ;:i S-l^M ^Ip Ojy U j i _5 aJs- o ^£j ^ 

. ^Jlll la-fcjg ojLJj 


SIGNAL decreased blood volume/ 

decreased (Na-*-J (macula densa) 
decreased blood pressure 
(afferent arteriole) 

NEP stimulates renal nerve 


kidney juxtaglomerular cell 



VESSELS TO NEP KIDNEY MUCOSAL CELL 



I 

REVERSAL OF ORIGINAL SIGNAL 


oTV 





2 j ^l^Jl CjI j — £ \ — i&r- Q — * Oi— *i (• — iy\ j\j-*\ J- 1 — -A — jjjj 

ij» 2 j j^jJI 2-pjS/l o^S" (Juxtaglomerular cells) 

V-UU ir-A' ^ l j j_?r jil (baroreceptors) -kJuoll y>L2; 2ja— <1 <JLp 

A.waP oUiu> jt oijLtl law, Jail ‘*‘N ; * ? -- “ b*" _/ . wJLflll ^ J , lilj Sj^Jxil 

ii j -*> ^ll (osmoreceptors) a-j jy^l c^>I ; — » ^ aJL» 1 ^ J^l&£ £li 

0^* j> J jio A..,^awll A^lanill ^Jl y Ai.-sl? CjIjL1>1 A^jJ bi *iJJi y^ 

(aa - globulin) L^pLM C&jy. dy* • yiy\ Jb Os-" yjj^ 

2.2k; * .1.1 ^u! v> J-*U (angiotensin II) Jl >*> . (angiotensin II) II Jy ~^ Ji 
<^-Ul j Ojjji— 'j-ilS/i Jj-*\ a_J i-KJl Sop e j (zona glomerulose) \y 

. Wj^JL^ll ol f y {Ji* J** 3 ^ ^1 a^L ./all C-»lXjj^|l ^-1 — j! 

: U^ll OUjilj Oliy^a 

: Renin ^ — . — d^t n 

a-IT j-* aJ y j-£y t T • • ^j-kyr\ *jjj (*oH a* ®j'^ p 

(prepro form) 2_-*Jk J-Jil' a_7 jy> j b' J-r^ Cr^-J • ^ c-?oJl a.}ji-_. jbll 

j l—ja>- t pre -1' ^1^1 j Lw»t Wx*- T • Lv' £ * 1 <^*^b 

. Jyi Jj Ijjk 11 Sj^l j w-i Ui" r t V J pro -11 
Oyi J>\ ftyi j' _/*i -k^ ji A-J oyjW J.1^' Jj-2^-1 c/ 2 ^^ 




.U ;; r:lt Jj»I y 

AaaIiSI ^-*1 

(£ jl5vJl j^/l ^jJl iaw«,r> O-ibj 

b^Oi-l £ jU=- j 

o^Lai*~» J LiS ^Jl c-<L-^V -TlSol 

. a 2 adrenergic receptors -i' 

• f C-»Ujit yT y Sib j 

• f j?*’ ^ <vi->ij jjt jib j 

fjJt 

b^Oi-l £ jL* jybijtf-l 

« -■ ^Jl cjI ,.:^V Jl^vli 

. p adrenergic receptors J' 
oUjjI 

J-T/ Je>\j£- \ 


: Angiotensins (I) and (II) II j I Cfr- (f 
LfJLp ^Jl o^Lil (ot 2 - globulin) — 1' jc jj ^ 

us»-j~~x y^i ' j . Angiotensinogen c** ys—s p—l jUsy jo ^jjl 

jLj J oJj* 1 voj. . . Ojj y ^ ojL^ 

jl>~\ dig -^.Iji J-JL*- Jjbu . X^li 

• jW^ _yj I Oy^j^ cii us*" Ji oljJa? 2 - ^Uil 

o* yj II 0*-^' y^SM j (decapeptide) Vr^ y*U^ N • ^ 0 a-^ ^ 

. (Odapeptide) W*f U ^ 0 ^ 







PLASMA ALPHA2 
GLOBULIN (57K) 


H-Asp-Arg-Val-Tyr-lle-His-Pro-Phe-His-Leu-Leu-Val-Tyr-Ser~-to C terminal 


N-terminal 



hydrophobic sequence 


JUXTAGLOMERULAR CELL RENIN 

* 

H-Asp-Arg-Val-Tyr-lle-His-Pro-Phe-His-Leu-OH 


[ANGIOTENSIN l| (not a hormone) 


CONVERTING ENZYME (200Kd) (vascular epithelium, lung, liver, adrenal 

I cortex, pancreas, kidney, spleen, neuro- 

hypophysis) 


H-His-Leu-OH 


H-Asp-Arg-Val*Tyr-IIe-His-Pro-Phe-OH 



\ > j ^ j±-> Cy j~~~ * jA^ j ( - leu - leu - ) A 

j-*j I J i— cr* ' x ~r> 

(converting enzime) J ^ II -'-m Jy^i 

JlJI ( dipeptide - 1 - carboxypeptidase ) -1' p—k 
. JLw»l «J\i y o (angiotensin II ) dy J>\ (His - leu) 

^ ^ < j* 5 jLp (converting enzime) jA^ A-A fO'L? 

; j *Jl jy U j«a>c. J* slkfl 







. <JUi y>j bradykinin Jt -*>1^' (Y 

I us J-iJ* ’j ^-.-j O l^ll 5-OUaJlj 

- 1 -(D-3 -mercapto-3 -methvlpropanoyl)-2 (Captopril) j\ 5*3'j n Os — **^~*SM Ji 

— Si I I— <<*4 i f * t>i>i J-*iJ jL>*i proline 

>> v__r ^ III Os— ^ • bradykinin -Jl ^ • j*Jtt J Kininase II 

. I ^ N-terminal peptidase f>.y\ o*-i o j^k <S-^k>. 


angiotensins o>L~J ^ _y-JI oijykJ' JjuA-l i _ r a*kl i j 




. 4-l^M J oJLp o o j-dty j' yij (34*“ *rr> 

II = III»>I 0 

. 4j 4-PjS/i Oi 4 s O^ 1 k**' 9 £»j 

II > III (Y 

4-i^jl (3 y oOp jl 4 r :7 

II (T 

ijjfjt i^-^' jb-=M Jij* jt- jj*-^ 4 rr J * 

II > III (t 


: I OL-jSlI fji* j^aJl Sil£l Ojjji-ij.Utyl tOl jytf 


l ^-U 4— 4_«lp ** ■*; Jj ^ jlj^lil jyt7 * ^ 

. I Jni\ * - pi :allj o 4__^L«JLll j.iaJI j * j - <»; I Olj 7 "^ <3?^' 

^ <J j-J' <j £-2-' J\ o^* J^*iO 

y\ J ‘“ 1 J 4ji^j| 0 y>V l j ^il 4__iU^I 4j ^ l^ll i*it ..^i^l 








O— ^ iL*ll tjJr\ sjij ( <*£ jy* \^ s ' ) I 

cI*»Ijj_»Ij (JIj_j V j . ( ^Jjyi^J'^l 3ll*i *^*-1 jt-H 0 

.O^l/l *-*J,/*-* JS-^ <Jj — <>* olJjjl < _^ <-*1 j ^ 1 £■ Ojj>— 

tj_* (])jj^*. ■.* jJl)S/ ^ j^-jlj oL^jI^Jl ^jLfcl^ 1 - ^ 1 OJt^j Ol>:^|i Lit ^)1 jvP 

: Juil J£jJI j L* JUi 



4jji j^lll Aalalil ojl yil -btJ 4 j ^> oJi OjjjJi (J y~- > y 9 J'^i “V * J 

s_i&l j iJ^Udl L^UU Jl J^oj *J&S\ J ji Sjlp e ysJ j (Zona glomemlosa) 
j 3 — jl-iM Jjjw— ^JLf- L_$jt y^’)l Ojjt ^— j l-fc* j*-^ ^-i'j 

: sJbJl ^*>ULiJl jiir (j y*-J' 



aJL'L-il v* j$j j ~. Jl (High affinity) «-JIp Ojj^— J a^ ( N 

violi*! ^pLilli 4 jLm* ^pLii 4l. a7 .~ f , Ja-jyil j»0 (T 

J (Jjji^ AJj ‘ * - -•»- 4~l»La«ll <LhM al ^1 OjjG^*" J«liS|l . J-^il Ij^P- 

. c-fc* (mRNAs) «i^— j V y^y± j 
. J^l ^>- dik 4a»-i' (f 

(X) Oyjj^' V - » ■ '* <y Cij^ *ii oLfjj^|t ^ j£\ jf Jj-ij ^ -ij.up ( £ 
gr— ~d aj J^-i gr-H (p—^ 1 ^) (5A) Sjla>-' .c— (° 

p ^ j — ail ol j i j J — p 5jL j ^1 p J-ju ^iil ( Sodium ion permease en 2 yme ) 

J ^3 ajbj ai J (^X> 4 ILA-I aJL* J . J ^Jl 4~iaU^il aJLi.1 ^Jl iLpljil 

. J^-uail olijjl ^>L»ai*l ajlp^ a^Jli^l O^ljJa^*! p^J^~ail 0»*lji 

oLijar JJP ail j J jt jL—IpJ, J} ^«JLu> (5B ) ^'Loll ^yal/ *^1 l-*f ( " 

Jl p S&.jh-* {j* f ji^^-ail o>U jjl ^w> </p Jy-dl ^ Na+,K+ - ATPase 

jjj* Jj— oil 0 >U jjit ail jl aib j ^1 vilii * *i _jl^il i—J^fl (J JjL-jl 

^jj£j~a]\ OjU^jf 0>tAplij ^lp 1-il^-ii j*Ji ^ ~ A l J •*• 1 '' ajjjJl l^JL jo jJ 4jl>»l 

. a jja>-l killj ^1 *j 3 /il 

t) aiL_*ill 0*1/ il a^T iab j J--.‘.:» ( 5 C 5 >uU ) vi-JUJt U (V 

£*J gs^ J-^* (CoA) A (VJ/^I o*^»L-5'S|l <y /dl 

^1 r> ^l ^lp J^iu gfiil Na+,K+ - ATPase JUU* j c UsU ^ ATP Jl 

. 5j ^ i^il 4^J^/1 J <*il jil oliL-il 



Atrial Natriuretic Factor (ANT), Atriopeptin (Y* 

5-jJLSli A-JLaxJl ot L*Ip l> -B JLitl 

4— C*Li 1 1 j >/ " 1 4-j-io ajlJ^ Qjl***y~ (-5 y^~ ^vlaJJ 

4 — 1 1 *ll' J j (J j <oli-i Ajliijl *■ 'j\j\*~\\ £j| Ji?- ^1 JLi)j 
wJLLrS — »LiS^ A_?r jj ,j\j J»LTj^ i _j*rj ijOaJ aJL^a]' b^bM ^5 OjLj-s-' (iUj 

^- :* » ' i ^ a-^jj l)j~^ 1 lAo oIlJjJ?^ 3 , ^I CjL— J-' 

. Atriopeptin -J' jf Atrial Natriuretic Factor (ANF) p-B -u-i*- 
: V^' J^Jl ^ ^ (ANF) J> j\ >i ^ j 

, i-Uj^ Ofci JOT (\ 

. ^.oJi ja*j» *ij Jit (constrictor agents) wW^' (Y 

. ^GAi (^ y^< (Y 

. atrial tachycardia (i 

: (ANF) -11 C ;1 jdtdl 

: (ANF) ii v- 1 -^ JB J^.JuM 


2jil>-i 0>1 r^jB 

-r* 

_j*b oi£> 

4__i_d5\]! tj yy — S jJ' Jj Aj> j-a J_)^j 

cf-ii'j Glomerular filtration rate (GFR) 

«j£li 

# 1 

• j' ft^b^ 


4-j « a 1 1 ^ )a >ll 1 */2 P fcU£-^i 

<U^-B O*)' Jg«l' 

. 4j *i£ll 



J&ibj »J SjjB 

• cf ‘-^l 

- ijy flfcb 


oil 






j* ' <« l lj Jl J)j\ (ANF) -1' o> 1 jJLT ^ J*ij 

t) a-sLjj Ojp Glomerular filtration rate (GFR) «* _pix)l oAj^&I ^ j J-ui 

. -laJuill ( j!» Lai£^ Li jtwm o.sl_P l 1 m j . 5j£ll pjjl ji-b* Jjb«> 

o jljJl Lj A^ pjty (J^L-aJ^I L-» -b>- <J1 p»a (GFR) -J' 0^ <^pj 


• {j* ^“'l J (J^ll p-»*^" <_U 

<j~* Je-*£. j <y C/irij^ j\j i J*** ^ (ANF) -II J-^dj 

(J.bjA* ^_lp Ojj^— >**_**^S/^ jjjU ijJLUil A p^-li ^y?a-^jj Aj ^ lxil i^jL— j'^/1 ^1 

•lll-JJfcj . p^-ji ^« a 11 Jj_ill (ANF) -JIjwIj p-PJj Lf Aj jl^Ji OjL-j^/ 1 ^jj* pjjij-ail ._/■* * * 1 

•■X-p • j jj— • jl j-*l * j*^*ll (ANF) -11 0^ <^l b* aj^NI < j > 

. aj a-p j^/ 1 ^Lil ^Lp Angiotensin II -1' ^lj*>b JUaul liS’j Lixll J j 
uyl^l j Lj yxJl a-j^oII a_-pj^I frL^jl ^jUl^I ^_1p aJIp S^oi (ANF) -ilj 
j Cyclic guanosine monophosphate (cGMP) J' ^Wjd j^bl' 1-1-* -1 v> j • * jt^l' 


ll p 2^1 ^-lp J>Lll (ANF) jj-Al) viJl-lj . A_J ^*JL)I A—P^j>^i cl— 111 C>^L-A*1' 

phosphodiestrase -1' ^>1 ^ « jy b ^ _/Tl guanylate cyclase 
(_il <i-l— li L>j*iJ • f-il' -la*-> ij £i jp* .J e>y '^\ (ANF) -lb w»^l^ll <j**~ 

1-bJfc A_*^— ll^— - * ^l J*—P ’ *— ball ^l pU_ll p ^ J ^JojtS~ j\ ‘ -l*ll ^OJU^ *_^yb 

. J*i/' jj- ji^Lll 

: Kinins Kallikrens QL^Xll^ll (t 

j^> y ^ii j serine proteases -1' <^>Ky\ j* ** Kallikrens ob 
0 Ua Kinins oL^j-^ 1' Kinogens -11 p— >b. Lijyiil CL2 - globulibs -1' ^ 

a— i^T -L»rjj j . aJlpI* Sj ^.jlIi Lp jSO a*— ^ ll ^ll j£\ j^^jil jJl jOu j . bradvkinin -1' 


oio 



n * ^Uai {jo *£ o' jyL)' ^L P J> 

. A-i^it jjl ^jJl jjl jj j 0^' tj \anj r p.Ja: : l j~ar\ - {jCj J\ ^UiJ 

: L*j» (Kallikreins) oL ^SsJliol ^ t J>^ oiij 

L-iuf ^L a_»jUI]I ^-l£il <3 pLaP^M <j J.jJj ( \ 

tj oLj ^£JIS"’ JL>r jjj . t T j • • * : T V j • • • {x-j La L— jj^-' L-f>'ljjl 

j L*L* tjjj <_. «1 j Ljjl a iu; j . (Distal convoluted tubule) a_L*Ji iidll o»Ljj^/l 
renin j±t j Ji prorenin Ji ^ j^L> Ljj . S^Lj 

0»Lj >O lT J_jt- . \ • Vj • • • L$j jj £-JLj j aj ^i' yll,.l;j (T 

a!a — -1 ^ ji _ / £Jl_S' j! < k .^.iT ^ ^ili (Proenzyme) Prekallikrein *jj-p ^ Lj!>yi 
(Hageman factor) 0 W*-U J>L- j\ (XII ) JaIp I L *al' j iUJI Ja1_jp ^ l>' 
. Lj"}L)' ^ £j>\f 4 la -'' jj - jt-\ 4-^-U _ OLjrL ^JaLp ia..-:T j 

: OywJ ^\ljS Ji U^i o>L 1*-1 p } JJ j'L' r ~I;J_. 

Paradvkinin -5' J _^J ^i'j L _pU' j ai_^ L5l*M Li<j^r' O' jjSl' o<'i .al _^i' iiilJ( \ 

. je*l' 

0 -lj_~.j L^j. J Jy~ ^'j <?*_ 0^/1 j Si jj*- ^i' 3 Jaa->vii' a-IjjA-' O'jjS' 0>'i iAJUjj (T 
J' jl (Kallidin) (Jtyt. (decapeptide) a_?v^ ^ 

.Oy^sj'jdi sv^' j^i Oi-^ iS ^ (lysyl - bradykinin) 

f*UiJ j (Kallikrin - Kinin system)J' ^Ui; ^ JT ju ol 5*>U- Jity ^1 p -u- 

:^ 5 > 3j ^ 3' oLjJLT^U-L-.jjJ'j(renin - angiotensin - aldosterone system) -1' 
(Prorenin -► Renin) Ortj Ji j O 

(angiotensin I - converting enzyme) J' ^.y\ j* ^/iy^ ^'-^i (T 

(Kininase II) J 





'.i t - • - < 4j J 1<U t mIjJi <J^il ^ Jbjj (T 

. k^Lj Jj^Jr-Lw»Jjji\ ^ Lll^J 

jjib 4 1 ...7 Ojj_j£”" 4_«kaJ. >'rf l*j^* V-^jT i* - -•»- ftJj-lj ob.'..Q ^j^ij 

JLilj . fj-i* jl J j-Jt < .*. < T JT la » Jail ^ .la:7j g?X)l r oil 

{j-> j-Jj^ '-4*. j-Ai (Bradykinin) ^ ^ 

<j-* (Phospholipase) j*— ^ ^->.y\ J-o^ o-^ p-^ ^ J-^jCPGAi) 

jl lAA ^^ijj , 4 j3«mJ 1 ^l l iwi 


: Prostaglandins ol — lUflfcrb »jjJl (o 

pl_lai C->lj\ ;Lil 4. y»JI J» j h>-t 

^i£ll j The Kallikrine - Kinin system 


CONTROLS 

? _J 


KININOGEN 


PREKALLIKREIN 


KALUKREIN— (+Y 


ACTIVE 

PHOSPHO- 

LIPASE 


KININ 


© 


INACTIVE 

PHOSPHO- 

LIPASE 


Na + 


MEMBRANE 

PHOSPHOLIPID' 


ARACHIDONIC 

ACID 


CYCLO-OXYGENASE 
-© 1 


CYCLIC ENDOPEROXIDES 


otV 


PROSTAGLANDINS 
(LOCAL HORMONES! 



^*11 yx *> ^^oaM jL^Jrl y> a^L^ail i..^a»l' j 

^ Uai <-«ij ^U-ll In aj> ^ J_Ll J?L—iJl Sib j 

ym Sibj <^1 ^ ® i3*^“**^ CXr^ - 
• (Jugxlaglomerular) o.^Jl oL»/ll ol^U jb^ y a&J\ j' yi ^=— i 

j' ^r*ij (angiotensin) Oj— fbau j/b* f-dt £_UJ jj Ji bJUi ^^Jis 

w>bJ jjT y?\ ,rx‘.*\ Sib-f^ <JjL«<* £^bj»J < tw .*< la a^g jl • 0 

Uf ^uil ia«>»/? jH*iijj . *j ^•jJl ijj-ll! j b*Jl *_^*j*- oj\jjj J' **^ 

<J! • ^b-Jl J$ Si jl jll Cil-A^-ty £)bJj 5-i^jl ^jJl ,jiJJ Sib j ^ t^iJLj 

(PGE 2 ) ^oJ^U-b— jjJl jyb Jij (PGAa) y ^AT>U-b--j J Jl j\j>\ 

il—^aj ^ — *-*£ * * a j ■— t b^bi-t bJajt 

< J **;_• • *j— Jij-^M OjI Ijjt ^£»L—A1<*1 (Jj n> ail j J (j— P’ J_y— '•bJl *J_ll It i./9 ^L-iTjl 

^Lli tjyJb jjJp y f-vjl < ^>- yxJ>- (PGAa) £^yi' ^ jj-b*>U-b_- j^Jl 
'i_j J < JfC)l a ^.1 al 4_Jal>«_U b^b>-l <U^.l ji l ^ jV*ll j- -»ll 0>U 

. ^-lil .la* Ja jj ye>\ju£\ 

: Erythropoietin ^ — Jj — — ?j?i (1 

«■* 15'*" jj\jjjjyj)|l ^L-j| n : In'll ^1 p bbi yOi all 4ylf C ll jOu 

-. Cv iji^ j— ^Sfl V*^ ^ <^»ljb«J 

aiL>j J_, ^la ^ ^ j ;;»*!' — < 1^ 11 -^7^ 

j ilVJjA <j* • jbff- ii^^ll *1 

C-»b ) 4_L* ia>-j O^- JT *t t j • • • tyij^ (Tetrameric protein) 

Uj— 5*1 ^’b jl -bbTj^l *S-y*£ ^S- ( > *\ j « • * &jj 


o!A 



(erythrocytes) j <S (*^j • ^ y ^ 

. <j c( jaS-\ AJ jil 0*1 i-XP ^lp (j Oi? A~*^ ■!■• . «T> aJLpj 
5J j^il Lj^ti-1 Lf*TjU» ( J_i> i^JLii j l$li> _ f I 5 j j>j]\ o>l ^S\ 0 j&j 

OjjS — fUa*il j ii yj>r jl'j (erythropoietic cells ) d o»l _^JJ 
us*- j— Tty J-*J ^ s— -L-Sll j frLjrpf » jUp- 1 ^U. . (erythron) 

(3 Aa«-iJ*UM ftl o»t £ j* *-tM (pH) OrjJ Jai?- (3| 0_^ -1-— S”"I ^>Lj 

o>'^-^Ji (_j J. jhjJI ^ - : j . <_; ^JL»- o>t_..«>- l...,..-) at^Jt ajcjp 

i^Jli ^jtll tji iJL" J . i-LiuJl ,J o 0 i_*jL. Y ^ t_-> _Ju U (J Jj»X. $1 ^*>-1 

fl j~2* 4-> OjI ( j-j jl ^fcl— -i (Jl a_»-L*- <_J f» — -Jrli J i-jj ^ Y * '- r ^jX 


»J il 


«£r 


-*d Ar*L) V 4 -r^-J-« J -i- L,r 


L^— 5 Ofrl— dS* »Uaj ^yXA) L^J% 4jL«0^i 


-°^Vj 


! b L* Ajj ^ci-1 V-Zj 

•CvjT’.jy Si' 1 j Jl 0>\ jS\ j (Renal ablation) i jSS\ J \ ^i:- ..~\ i£*y p 

y^rj~£yS\ 0 ^lU aj» si ^i>J' ,j jj-vj ^11 ,j j&i (^ 


jlJ! Jii j ^^5^' 


< jL^jl Uj-'u ‘S' 


<y 




^ ( r 


Vi jyS L.-'s/i jjauiM J' c> jj (>* 

O «i»J' 0 ^»_>* i~L-A 5j 4j ^ ) i (_^i ijV' 

• i£j*}yj\\ Ol>^ r*^' p^)S> (Erythron) 

j>J j^.jy jV' * iv ^V' ^U^V' ^jIj u-*j 

. \ AjY’^^ Ljjf“- \ “i “ j_oo 


«1\ 



I 10 20 

Ala-Pro-Pro-Arg-Leu-Ile-Cys-Aap-Ser-Arg-Val-Leu-Glu-Arg-Tyr-leu-Leu-Glu-Ala-Lys- 

30 40 

-Glu-Ala-Glu-Aan-Ile-Thr-Thr-Gly-Cy*-AJa-Glu-His-Cy*-Ser-Leu-A»n-Glu-A$n~I le-Thr- 

S0 60 

'Vai-Pro-Asp-Thr-Lya-Val-Aan-Phe-Tyr-Ala-Trp-Lys-Arg-Met-Glu-Val-Gly-Gln-Gln-Ala- 

70 80 

-Val-Glu-Val-Trp-Gln-Gly-L«u-Ala-(.eu-Leu-Ser-GlLi-Al4-Val-t,eu-Arg-Gly-Gln~Ala-Leu- 

90 100 

-Leu-Val-Asn-Ser-Ser-Gln-Pro-Trp-Giu-Pro-Leu-Gln-leu-His-Vai'Asp-Lys-Ala-Val-Ser- 

no 120 

-Gly-Leu-Arg-Ser-Leu-Thr-Thr-Leu-Leu-Arg-Aia-L«u-Gly-Ald-Gln-Ly$-Glu-Ala-I le-Ser- 

130 140 

-Pro-Prc-A3p-Ala-Ala-Ser-Ala-Ala-Pro-Leu-Arg-Thr-l le-Thr-Ala-Asp-Thr-Phe-Arg-Lya- 

150 160 

-Leu-Phe-Arg-Val-Tyr-Sar-Aan-Phe-Leu-Arg-Gly-Lya-Leu-Lys-Leu-Tyr-Tlir-Gly-Glu-Ala- 

-Cys-Arg-Thr-Giy-Aap-Arg 

\ jjJajj \~S 0 jT' 

i y* i>L* Ao^b -liL-ii <jt ftt ^-*->-1 Ao o>t 

. ft aj j^aJt lotj^jl 

. Pluripotent stem cells 5 J>\ vbr^-' ( \ 

J aL*111 a.«. 1M1 b*>bA-l (Y 

. Population of erythroid committed precurcor cells 
. Maturing erythron a^-^UI tS yJ~\ a> ^. oit b!>kU (r 


oo 



£ jL*- L» j£ jlip _ o jJLiil Pluripotent stem cells-L^M « y\j a-p^I b^UJi % 

5 A..Jb a — -!>• jl (lymphoid) 2— jjbuJ)' L_)*&A-l 5_J ^$0 p — -JLJ of — p— Jrl 
. (eiythroid) ft'j-*J-' L£feU l*; ^ jlL* v_Jl6 (megakarocytic cell) 

j^-jb ■ * - ^ 0^1' *~*Jj** J 6~ ^ ^ *f' A. >«*» A_iaA> -l. ;.P _ AjP^M Ajl>-I 

J (pronormoblasts) o— }b y J y^j (eiythropoietin) j yy.jjjf* 

LjOb 1, jJ j^piSII 4pL» VT j£\ (3 l | AaijI b^b»-l k^JJj .- aJ b^bi-l <-jl Jb 

A JL* jjw jl?r ^p- » bj^Aibi jJLJj yfi- ^ lan.* pjj J . b»T_JsU C. pb y j y 

(Orthochroma tic 2— juJall o' c^b c — yjyh L- j -LJ-up j j — £jj «xli 

(enucleated «' a_cjlp a-£L-jJ 1 L-^bbl o y\ b!A>-' jJUL* oii; . normoblast) 
(J*^- <j o' jSS\ J,| L_$^Oai jpi o~>- o jj-bl J1 J^-b reticulocytes) 

, 5j ojj-t" cil ^ 0^^ l/* £ A 

2_j^*jbl 1 _j^A>- 1 J j^jaJ 2JL ji» ^blt ^liCj 

. _,*>•' f-LS' cJs f j£s aJLp ftUj^ (enthrone) 

TMl IlYTMftON 




(erythropoietin) Oh y.jJ jV' ^ p — - ^ '-*■* O'* OirO 
i\ y>\ Itjlp LSLxJl UtAi-1 U jjJb o (pronormoblasts) o— ^ y jyjj^ it 
(erythrocytes) S_j j 0 ^o" (enucleated reticulocytes) 

f yjt j_j\ i_n> ji 5_i <- n> jt Q — y jjj jj\)l jV- 4 ®-A^l 

: ^ o— 

- Basophilic normoblast SjJLpUM c— *>b yjy& b>U ( > 

. Polychromatic normoblast I (I) if ^ o— *>b yjy^ ( r 
. Polychromatic normoblast II (II) ^_y y 0'^' Iujcl* o— *>b y b^ (V 
- Orthochromatic normoblast 0^)1 o— LyU- (t 

• b*S^ ft p»di 0>l ^5" ij^^rJ 

Pluripotentiai -> Commited -> Basophilic -> Polychromatic -» 
stem cell precursor cells normoblast normoblast I 

Polychromatic -> Orthochromatic -> Reticulocyte -» Erythrocyte 
normoblast II normoblast 

itJ^ J ® il dj ^1 p CyytjJj^ Jji Nj 

L> . oh yL?*- ^JLp b^bb-1 iJ-P ^lp -t 5~ 

J— «i . (mitogenic or growth factor -like) tS y^ p-dl o>' J\£j j y J>U5” 

. (\ yf- *-i y^ OjI p '--, . .. a .i ^)U 4-PjJO ^JLp 

iy-^ j J— i ^1 p Ajpjj-I o>b^bA-l <*£y^j 

: j yji ^ -b-uii jj y» 


oot 



OUjJrt <LiJ 4 j jl y ii jAs ^Ul*i ( ^L*l*J\ ) ^-—*-1 JJ- — fcJi ^ ^—>y ( \ 

. d— -^J y j \j^rL>- ^1 lj^jt-1 Jj]til> *Us-J yil 

£• ^JpLLlJ y^- Cvjy jy — " 0^ ^ c— j — * jj£\ Vi (T 

j—i ^ y Oy j—z ijJ jy'j Oj^i £— i ( ^ * "*^ 

JiJ& J*i y Cj* iS~J%.yjy>\ \l?h* 

y jyh jiji-' { Js- <1. 2:— ^ £« jCy^J J^\ J^liu •** (f 

. ju ^LU y» £~J pJa~ i ^ jVcytoplasmic factor y j%. y-~ ^ 

jO \j C^«J l^K * 4 ^ 1— il d~ V L*-*^*^ £C*Jr y £. ** * - ~ * V j£p 

• CsVy.jyjy Oyj* 







p-a oL-5" J . I j\ i \ jJLl ja p-J Prostaglandins (PG) J*i 

J> 1/)J . y? ^ - ■-•*■ J} jLiOj*)|l y( JLj Jjt]\ l_$J*-tlil jf 1 j a.l £ 

L^b- ^JLp bA ^ ^Ip aA>%i> » ^Jl ^1 p 

OlJL^-1 o 0t-^> {j* «JLJLi o->l»l * ^1 JJS^J Ji *>Lli JU-T 

^ill ji y^|l o<*b <oU yil (oUj jj^br Lo^«j«jl 4-1 p^ . l^jl j^L" 

J— b oLjjj^U-li — j-jl Jo—*j. jl—ipl j-&.j (autocrine hormones) — 1' 
^.JL^b oi i a-joJU; ol_J y> (Prostacyclins PGh ) o»lK- — - b- 

m yjJ! 5--PjSn j jisi Ijjf y (Traditional eddocrine hormones) 

^S^L*f ^yp 1~ ,»-> J-juJ O-i til ^ Ip LjJljjjtJ yiaJ 0^ OJjJl ^ ^-V)l jlJ <3 

0->ij%_it7 ob O^U yk 4_rf3..J ^il 0->Lj-U^brb»» jjJl 0 jjO*j jj jO^sii 0^ jjP LgJLb- 

jv-Jtr ob j( (autocrine) ^Jb ja — ?VJ ob j ^S j jf bl t^( (Local hormones) 

. o-i_pi ja i j^si oAa J>U- sJbi Jla; j (Paracrine) ^b- 

<JLjI I.t^N j,. ■ a t,.j.; A Llj JZ+i j 

oU jj ? jJJU (Tromboxanes TX) oUL-^^^yllj (Prostacyclins PGh ) 
ojUJ y— yS' <jjS&- 1 4-_op^I j oy*ll LoaajI y> (Leukotrienes LT) 

j^aoH yt-J-i ^OU* jl yl jOij . (Triglisrides) oU U-i i jyt J\ (Phospholipids) 
jUlM f*yl jf (Phospholipase) jb-ly— yil sk-ly (arachidonic) ^Lij-LTlj^l 

^a ol|.. ::l l kill; . ^bj*> olf>J sJ-'j-b- SjxoJ 3j jJUoJl LjJ^^I j j ?r ^il (lipase) 


000 



y* y a-*J- piy^ .ja..«::l C-»I jLiJ ^p ® jW^ 3jLaJ- 1 <j 

a ■ <«tiJ. oU^J La^ji^- A.a J?»ijJl ^ 1 - - 1 -- I JLj JijJLXP , 4—iji-i a .. t- g .t 

^1 (£ ^-Li-I f l— i**il ^ t^i fr^**“ *^ J} 

JL?rj£ <— ; ^J.aT.-f. Oj j./n\\ aj ^ i J^jill i jjJi Ja-J^j . A-JLi-l j'--- 

wJLLj jLp y^ *JLp »»i« j j*i y^ t\*z& jf <£ ^li-1 

^_U o y>\-*- J-i^x. i_i»L; jl j-jJ# ^_p Aji jJU _^iaj 0-~>- . l$J <lAy f iJiU 

SJTj 4^„oUi-i 0*3^ Cs~^ o>Lw* .^Uil 0^* L» y*^~j • ojjU^l 5JLi-l ^ ^ ^JLi-l tLijtil 

. o j*p li jt^*j y* JJ^L»»-lz»-jjjJi j\ y\ 

jy_P y-> 4— tl .p * ** >-' 1 J^ji-l yt Jb Jl*] 1 a U ...i y i_l^\jj_b"^Ajr Ijb-’ jjJi 

j-±-*iJ . ^JjS- » jj_iil p --•» ■' Lj^U:- JSo 0^5" L* ^il 

^jjL— js j-ty' *j . o»Uj a_jIw» oJj-l_> Lj^UM i_J»_l~>ci 

^Jlj 4 ^_y-Sn 0>l_j jil ^yi-iu j\ — i £tJlj k — j Lj ll~jj>i) 

. ojUj-u^L?j-Ii-- ^ lb*^ 

jty sJtbZ- ^1p 5jjIi>Jil O^jy Lil\ y* Jb-btM CjUj J u^>r J 


*i a ^|<t; ^jlp 0 LJlI 1^1 j; »lli KPrt-JJ k £ ^»1 .* i^-»>jyU l>k {jj^J -l} ^ \ 

._ a 11» - -^- 5j >! t$V -J| a t JUJ'x^aA^ vJ^Lj a^Ol ii* <-^1*1 < ~£~ t «J> 

v -r^ w > i_> «/ - • ^ - • 'V U • .-j 

. ■L>»L>wJi j ^xy^Kj j+y* , Jj- y i> (Y 
. 4j ^. aJU^ jUa»f .tf :~>j flj! _y>-’ ^ Ja. ' J 

. 4-JljJl 4 JLj *31 4. ; ../3»3\ oVL^tT^'l y ( i 


a r 



^jaM ju jiaJJ 4 4 A\ 3L>U»itj3l oli y yA ( Jaa) 4#j^LwJlI yJ^r (o 

^J-4 jl yi^l 0*1 j jUiJl ^yffAf 4aw^,.it UTj . «,;, , j ( jdg .;I'j 4jl^)l (3 yij 

4#«1 ^ ? ii«ai l A*4 mAA1 J 

. ^Ajil gy~A\j p J 

^\pj>\ ^JLaM yl^A-lj ^ .«.^> *l l * i j+JaU j ,^Jl*Ui)I J} o^LaaSI ^Lp jijj ('x 

. *JjaA\ £wIa*£<>Ij fLpiuJi 0*1 ftl yA^l ^Jlil 0*1 yS"* ^Lp 0*\i> yi^T (^ 

. w*l^Z)'^lyi^/l 0>ljA-i J} 4Lj*a 0>1^jU 0*LjJIjVa»-II— J y>D I^J^J (A 


: Structural Passes of Pgs 3 — g/jJi fl -iSn 

I * it lt** 4 ^1 ■* ~jj.\\ ^ --* ■ ** - «— iJL.jimAJ *.Q.lP ‘ ' j» J J—Arj £jA ^S- Ji\ 

l-f^l ...»f jjw a^> jjr yli 3 j—jazj£- ^J. . »P -Lili Oy^d *<li 4 jI Vi L§A$jLO/*j 

0 L> 1 —JIp ^Jl * . 4 .:Ajjl ^Ia-SU oIa :.-4 ^yA iyLA yil *-1 a . L — J J\ 

iyi t . o y-£l' j 3-^ ^ii> 3i_J — II ji (arachidonic acid) jJUj~lS\ Jl\ ja* 

(Prostacyclins PGb ) oU-i£- — -b-jyJI o^-cVatL — yjol J- — iJj . 0y_, 

. (Leukotrienes LT) o*b j £ jA\j (Tromboxanes TX) o*CL~ T^jyiilj 

4— «jL»- ^_1p £_/• ^ J jA_OM * —j:^ O' Uj -L^V at tw“ J j*il 4 mJj 

^ai^Ark— jjji\ g-f ^UaO j . tjOJtw JoL-L- £- jit OjJ £ 0>ly* 3— >* <y* 

. 4Ai^*i Oy*y^ O^yi ^lp AdyAryll 

L§i» £yjt v-U- 3iL»- (Tromboxanes TX) olJLTj^ijjdl ^jr^j 

. 4l« Al 4 yj5"T jT iyj 4 aL ^-1 JF^J • JLt 


• eV 




jy .J-* <J (Prostacyclins PGh ) W 

. oJL aL~L* JT ^jA -LlC^« . l j«p ^1 p \ j ■ a _• 

.-jl;t -‘T ^ * J^r j A— a»-ji i^Jl jj al Ja > -Ljp L^> oil—Pj 

(Prostacyclins PGh ) o»\:.lC.>.b^ (Tromboxanes TX) 
«-*- i» a_-im 1 jL-p (Leukotrienes LT) J £ 

^JL 1 — • j J-~L£ jt (Glutathione) >3 J> -x — » oj^?-«-i> 

A>\a)I . Y' J>^>\ ^ ~ ^ - i l 

B Bh 

PROSTAGLANDINS (PG) 




PROSTACYCLIN (PGM 


NHj 

CO(CH,),CHCOOH 

HN — CH — CONCHjCOOH 

1 



LEUKOTRIENE |LT! 



: Classification of Prostaglandins (Pgs) ^ 

O^Uj ^ ' 0 » ./3~ , > ; jl <-^»LS' jil Jj-Lftll 0 j9r J pi J)\ ^ip 

,, ft .~7; ^«i .-j Li LjI ^ l>- 1 ^JJL— < 4<a. ....11 o»l < ^ta «> -Vpr^j <jf 

<j s> — ^ oLjj^LrL^^jjJl 0 j£szt . oli" - ^11 siUbJ Li.l> ^ll j L~S^ jJl olitA*il 
j-w ^-c>-'i fLk 5k — 1 ^ 0 >>o (cyclic endoperoxide) { yl»- ^jl— si 

0-* Cr 4 fL-UJl '-i> j_^o uij. (PG synthetase)^ L~. jj>1' 

(cyclic endoperoxide) -L— S' jj* j-U^L il ^ll ^il LjyLJl 

tw— S' yjil .^JLp J- , £j ' C? jl Lk J-tjS^J^/i 

• *L-ii c — L (Isomerases) ^L^ill ^Lyl ^ -b-ip ^k- ^)l 

Oj-Soj. oi— fj*Ajj$\j jj ^J k (cyclic endoperoxide) -l' 

Oji V'*'"?'* »iL»j-US'lj^/l ^ - IfiLizTl f *s-y^ _ (LT) J ~ iM 

. (cyclic endoperoxide) Jl 0^' 

<0 lit— S' * jj&\j «jjL ) ( jjt »; ^ .!»- ■-< ^L)! lif j 

<oL JUyLrL^ jjJl JT 0^ . dJLi ( jbjP~ ^ja toLjJ^^JiiL 

o»Lj y ^Jil 1 -lpL_* (cyclic endoperoxide) -M p-^ s-^ J 1 * 

UL> oL _J l«j* .»! ^ j_Slj . oj ys*LiA 4. r.xi ^jo\ tf*\ <j ^oJ ^Jl L^TLiiJ^j 

\ ^ AT ^Ip LT « ~ ^p yLj ■ ■ l l 



PGB 




n 




CEIL MEMUHANE PHObPHOUHOS 



PGF , PGE , and PGA ^ o»Uj 

j (phosphate buffer soluble) iJidl olL- yA\ JJU- <3 PGF ( > 

5— obj ll*x J jOl j£\ 0 j&j . > \ J ^ pij Ojl « ji S" Jj4di 

. (hydrophilic) *Ldi 



tSjr^j Ether -11 ^ (E) y Jh j. i^fl (j PGE (T 

• ^ jt-*j ® j*ill 0^-S" ^ (►* j &ji ® j* < J : ‘- ^ *'jj~^l 



<^ j — ^ V (lipophilic) v 1 • cbil S-*M jjJ' Jil PGA (T 

• ^ (*^j iy (^yU OyjS' ap^Jt c^y* 1 Ji Xc-j+a ^\ ^Js- 



o'W 



zJ *Ae- j 


^ j-j < Jjjil £j-* ^ J-> <3“^ j- *'^ JS-*Lil 

. ' j ’ A J_50 LjLlJI 1 lyjl (Jj d\z^%^>j t L»S^ . l^T yi j A-^xLJ*-! aJLL>- 1 .^Lp ^ r 

«J l i ** *1 *^. 1 i^iA - wl T .-jj.\\ 4-ji Q j\ A jS\ L-^uiJI _£2J j 

: Principales endocrinology 0 <*jLT j J. B. Lee JDl 


Structure 


t [increasing 
polarity'] 



Compound 


Effect on blood 
pressure 


Effect on 
nonvascular 
smooth muscle 
(uterus/intestine) 


(P0 4 soluble) Transient increase Very active 



(ether soluble) Decrease Very active 



i (increasing iipophilidty] 


Decrease 


Inactive 



(3 t— _y (PGF) J of y UJ of 

bj* S—*^ J-*J • ' ' J ^ f'-jjf ^ j- 3 . o'ji ^-Ip J. »— JJ-H. i ^ 'Sjr*- 

. 03^1 ^51 JUP c^OaP ^yLiJl «. L^Jl <J} L— Oj 

J-U; iijLi-i (PGA) J j (PGF) Jo li^j (PGE) J' gu j 

4_p^*^ ^_Lp 4jiUl ^jip 0^ ^3*> ^il ^JljJl (3 t - - — * Li”* l * ^ « 1» L— o 

4_p^*^- ^.Ipj (PGF) — M <3 ijt—i-l L^i” \ \ j *— » j 0j —> _yil ® y ^1 p 
<J (PGE) _ii Oii <ipj . (PGA) J j JU-l yo UT ^ ^ 0^^J» iy ^1 p vy^ 

t fl . t — - k. I 1 . t « • . . . 1 4 tj 

-~-j jj-Lp *— — 


^.JLUaol' ( j^>L r i‘‘)! 


2 Ui ' 


jljj ^ (*-*j ^Jp o 

ji. .■ ■> ojjJLi (PGF) it JaLiJ ^f-^p JLU \ 


O- (PGA) -Jj (PGF) J ^ JT oijJf; 

. ^-J L» i,J? j 

(PGA) J L.I 


^t, 


. ^uJl Jajcu* ^1 p Oj-LiJt <Jj cLJLlt tUJ^LiuJ ^1 p 

lP^-J (PGFix) J 0*"J (J ./ tj ^-T xjj 

0j 3 ^.Ip jJ-jUj £■— j»J 0 i ^ »;* ( a) «—* _ / ->-' L«1 jil ,3 3JP (X ) 

iiU-\ ^1—* .JlU Ol/ (^f ) (LiJf) ^ j ilL-i o-XA j 0_^i 0-~- (^) 0 *>a 

Ji ( T ) jvJj l -ij»f Ljj . (PGF20C) -J v . — S J J-C L jMj (Jj jUJl ol4l < yc- i-X-ju 

^ yi * ^ ]a—>\jjl\ 3JLP ^ (5jL*-\ 0 J_A j 3 t ) ^OUit j*J 0? Oj 

Oj— ^it ^OjUgli ^poil ^ya-kJ-1 j^-t 0^ jjj . lJU 0 ^k.jLrttl J 

arachidonic acid (20:4w6) Oi— y Oy jS/' ^ 

j\— ( ^) l* 1 ^ yt l^f ^j J L l ll 4 j 0 yi otj^ 3 UP (T ■ ) |«J y j\Uj *Xi-LLP 

4jL^J ol — 1- j ^a\£ 3UP jjUII (w6) L*t 4-jr 3UP ^ 



l j^|l 3 ta j . l Pj o i-prjJ <iajl j <Jjf 

^Ll>'l i ^j yZ- ,j \— j <3 Za y C^^-J 

. oboj^U-b-jjJl jJl£ j (endoperoxide) ^Ja_- <~S Jkl 



Homo-y-Lmolenic Acid Arachidonic Acid 



PGG, (Cyclic Endoperoxide PGGj (Cyclic Endoperoxide 

from Homo-y-Linolenic Acid) from Arachidonic Acid) 


: General Aspects of Pgs iaUli oL-Ji 

cLlujtii olJL—i {j* Lyt <»;.£..« j vI^Lj i3s^ Mi J* <3^^ 

p—j iJbi-l gj\j jl ji\ LfcS^ . li SjtL>xll (£ jJbi-1 

• v J 


oil 





ACTION IN MEMBRANE 


EFFECTS ON CELL THROUGH MEM8RANE RECEPTOR 


MODIFY MEMBRANE STRUCTURE/ION MOVEMENTS/ADENYLATE CYCLASE 




V 

CELLULAR RESPONSE 


ADENYLATE CHARGE 










(Jj li— xJ^Jl jJL*- 4~Jj JLP 4jl l-AA £jA ^JaSjJ 

cl , ol-l—j-J 1*1 ^.^^2 £f* (^«i3lj - ^ J^il t Jo-»>> m l 

PG synthetase —1' ^ >1 £* Phospholipase M J1 ^.y[ 5-lpL-x. <JbLl 

: Oj^i t/il* cyclic endoperoxide <iLU 1<? U— jll J 1 ' 

PGh synthetase p* >1 «* Ij^-' j PGEa , PGFioc , and PGb ( \ 

. TX synthetase ^ Ij!^' J TX and TXAi J (T 

0 homo - y - linolenic acid (20 : 3) y> t;S * r Uai' 0j£» L*oipj 

<y oUj-U'^U-U-.j^j o jjJj odiit cyclic endoperoxide ^1=— j ^ ^ 

^JLp * <-!>• ij Oj-^il ,j jjOl £_j-j J — . PGFiqc j PGEi 

. aJl»-1 J} tl yrr ^il oLCjj’^l KS- y SiUis'i/lj ^*JiJaii ^AjJi 



: Biosynthesis of Prostaglandins jJUtsil 

b^j*i j;_) IJ <J~- Lj ■Jkj'y^rr \: ,m { j v 

o^ili ^>-1 cjU ( j .j jil PG synthetase -1^ > i 1 

: JB j£^)l J r Up^\ j 

1 8, 1 1 . 1 4-Eicosatrienoic Acid! 


F 

R 

A 

C 

T 

I 

0 

N 


F 

R 

A 

C 

T 

I 

0 

N 

n 

(GSH) 


or 


Oxygenase 1 


Aspirin and Indomethacin 


V_A=/\- / \/ K 

I 12 14 

HO-0 I 

q ' — >>J Oxygenase 1 or 2 


C(H ry < , 

OCCHj I \=/ 


COOH 

vj&r 


Inhibit Cyclooxygenase by 





0 y ip y^r y ^UalJt I JL> 

p-k Oxygenation **»— <j-> Ov y** cyclic peroxide intermediate Ja~» j>\ 

Jl <J±. — £ jjJ>\ ^ — % ’J>\ ij-ij 3 ^ (*— ‘“ij ■ \*}^>- 

(C-15 hydroxylated form) \ o Oy ^Lp J-— ipj-^s- v_-T ^ 

o-^-j (GSH Peroxidase) — M jf (Glutathione peroidase) J' y.y\ 3apL -x. 

jl .U> j . jJL>r J^t^j Ot-j y JaJL^ ijs-*»l jt XSy\ jvP ii jiaj ( JpLB iJL/b s L> ^»-L>- 

. Fraction I J jty o!>UUol ^ iPj^M oJL* Jl 

Glutathion - requiring isomerases oUyl ik^.1 ^ iJB o/>ULB 
<J of ^ jV-tj t/ih j - (GHS- s - transferase) - Ligadin _I1 iiUa-* 0 oi 
dplw J»UT o _yJi; j \ A 4-5 - 3 kitosteroid isomerase 

j (indimethacin) yjL-iyj-^y jf ( Jm*- Jr^' ) 0 ijy^ 

* 3 *— ^ 4i»Uj jlLL> (PG endoperoxide synthetase) -i' y.j\ (acytylate) 5J^-' 
peroxidase activity <s j'-U— TjjJl iL*LiJ (cyclooxygenase activity) 

(PGI 2 ) u ^*: ••'LL-'jjd'j(PG) O'Uj-xi’^Gi-lz . — o • j—ty* 3 Cy^'-J 

: JB j (TX) OL-T ^ jjto j 



COOH 


/=V=\^N/ 

C=A=J ^^/ 20 


| ARACHIOONIC ACIO | 



I PGF.a 


0 M 




(3 o j la; it jj.^a.t < J^.. ,~\\ L*l 

• j~j£i iJJJlJ j AjuLxil 




Linoleic Acid 1 


Linoleic Acid 

(IS^u*) 


| (18:3w3) 


Bis or Dihomo-y- 
iinolenic acid 
(8.11 14-Eicosatrienoic 
acid (20.3<u6) 


7 \ 


Microsomes 


5,8.11,14. 1 7-Eicosapenta- 
enoic acid (20:5u*3) 

[-PG synthetase 
complex - 
microsomes 



/*=y~=V^/ C00H 

WWv^v " 

I Arachidonic acid 1 
5,8,11.1 4-Eicosatetra- 
enotc acid (20.4««6) 

/\ 

Microsomes 

/ \ 

|pgpI7 


PG 3 compounds 


Relatively rare 


PGEj 


J 


PGA, 






HjO 


Double bond 
isomerase 


PGB- 


oV 










ot— S' (j J-*^' 4-^wl^Lll (Jllil jSLiJl JJ^iJ 

: (PGHa) J» ^ (PGh) £>d» & j ^ j (JXM) 


Hi 



C5 double bond essential 
for formation of TXAj 


PGH; 


Contains A s doublebond 
(cyclic endoperoxide intermediate) 






(Leukotriene LT) j £ ^ j*— J f aiij 

(J^ ^*~V^ ^J 3 (J^"" t>* '3“"“ J 

: JUil ^ j -^ali US" (J ^-S/' V^' J 6 **. S jV' j 



eicosaoentenoic Acid 

Arachidonic Acid | 

° 2 -yj 


Oj-N 


Lipoxygenase 

— ) Lipoxygenase 





f 5-HPEPSl 

(5-Hydroperoxy*icosapentanoic Acid) 


| 5-HPETE) 

{5-Hydroperoxyeico$aietraencic Acid) 















— “ij* ^ ** - " •^~ 9r Ji — ij J-* J 

J.»: „.m. LTC 4 Jl U^ O^U^U-' ^U LTCi , LTC 4 ' , LTC 5 ol^CUl 
j-* J-i- ^ (D) £>J' ^ oLS" jil iJLJL- iS y^- ^ Cystenylglycine Oi — ^ 
y-ij^ <ji '— a -^“* (^ Oj^t M 4 J^* 0 ^ < J-~' 

Peroxidatin x— Tt; ^Li Oj-^i J-; ^x— i'jjo-Ji ^la— ,^iU-' s_-S" ^1' 

>X>'»A .y^ (J} 4 la .- » *ol_JJ jSLiii jytu j . O a_^i JCP- y* - •*-' 

i-~o>' oli ,^-^i 'xJj . 3jl y>' o' j-J.1 j y )\ ^ (bronchoconstriction) «J' v*-^' 

. (Osthma) \y. J\ oU jSl' j 4 j ^>- 

: Metabolism of the prostaglandins obx*fo»tojjJU ^UaIi JjujIi 

O 1:£ >J' ^JLp l_? OljX^tprll— »^jyU ( ^_>'JLii' ---*'' |,J0 

JJ—J3J 4_Jj . j£. ,.»)' 4>w?jJ L» 4*1^ LX< j( 

oU' — y ^j-f'-iiM J_oJl (B) x>L»- loj jJJ (A) 

^'llii' J_uJ (C) j£— iJl l_^ (TXBa) Ji a_JL ^ ^ ^i_JI ^ (TXAs) 

(PGFi oc) 4Li£ j*-*i (PGI 2 ) 13 


oVT 




oVI 




'SJ • ' ^ c\ji I Jjjl i?Ljj| OJL-£> t A -ll>— 


ib L(jJs>Ljj^ 3-1— ij lx — i 4-*0*^t («^Uj 

(PGA) > (PGEi) > (PGFscc) 

til ^ b - w'-- vLjJj^j>rL^.jjJl JjLilL cui-j ^ (PGAi) -it y CS& tlj 

. j»jJl £> IglploJ i-Li 

^JLp L^JtS: j ojb-Li^U*-L— < -• 3 *—^j a-JLp ^^yiiit q* -lii 
a ;;■•! 1 1 jtjlili ^Lj vJJUj ^-LU • . I ^l«il i^bvi—'i/t ob b^Ai-l <i...-gt 


. Jp-b (cAMP) -i' v*J j ,/ (adenylate cyclase) -it 

-1— >-t j -_j tr-i. 4 . . - Pi ^_1 p Ot— f“y ^it— ~J> Ot 

5_4^/ViJi j * (cAMP) -it 0 _^j c^iil j (PGEs) *^»*b Jb'^L»«-Li^>jjjJLi 
jt . (GMP) -it 4j^Jtiil AliU - j j/o Jj t^-^it^j (PGF20C) ^-U^brbwjjjL 

— a__j j*j\\ ^S\ bait f\ , .Ip (PGI 2 ) a ^Jj\ 

jj— * 5_J^*-lJt ^»*t 4_J>w l^v— i (PGIl) -it 4 -aAI Ljt.ij <-tP J . (PGE) -Jj^br L~> Jjjjl 

j-ij 5_J ^>-lil ^ 0 j^AjM Ojj+p ^ylp jbJ J} (PGI 2 ) -it Otj ^libit 
£—>• «L^Ji J} (PGEl) ^-b^bs-L^jJl 0 JJ~&-> 

. «-— » oJjtil ^AjJt ^..-:t| 

j»— jM i yA (PGFs^c)^ jjpt ^J. ; a ; >-,<» (J^P ^ b*5"” 

! Jbil J) ^Lu»Vt j*— JrU (tJLiiw-X. aJ»Lj jt 5JL ^ j-^~ 


0V0 



CORPUS LUTEUM 



oN ; Zt, ( I X) i)l •S' j ~» yJU a o^.S: ... a j jp 

‘. L - - ~*~ (LTS) ^ JLilj A t " ^ ^ AT .-i ,A>jj Jll 1 a5^ . 

. (LTD 4 ) -11 J (LTC 4 ) -li A^iJ J J^P 


oV'V 



litJ j yJJ 


• Therapeutic Abortion Agent (PGFaoc) ^A^skrb-*>jjJl 

fj-* (Jjj jl yi\ f oibj 4 fr\*Zs ^ll t-O — A.tuja^l J*— M i>j*> *b l^.> -lip 


(ACTH) 11 0 j—» _/** ibbjy j . ^ -> '-'* rl *~i>l Js’L-U J 4 -♦ J>_* Sj3r. ..li 

SjjjJl J _ r J-1 djy-j* y-T/ (Transcorti.n) Jl c y ‘Sy— i o^'^lj 

i’ j—J Jjl l I ^ — A 1 CvJ ^*.L^ j i. ^ ij^l— Ip f C I ^ y '^V rf * -' 4 nl oil 

(PGFiOC) ..— >jjd' ^ Jj^oly^*^ 1 i Oi> ,jj* -bjJ <-£ ji— jjy>l 

£— »-U I*— *■ /ll <3 c/i—*i»Li»l ^j_Ip o-L» J~ 5"" *) yL^S~ j^J\ j\ ji\j 

( j-fi- ^_»r^A*li ( ji>L^p'y J-'LatS" (PGF 2 *) — 1 ' ^U-s^i - £■ J^-’ Jj 0 >^' 

5 __kL^ o_»j ji U .1 (Interamniotic injection) j oi~ jojs 

o' I j%_p (PGFaoc) J 1 o Uic-' ^i-c- 4 £ y>. Ji ji _.xj j . UL»J jS}’± 


L^j ^_ii 4 _«j ^A aJi *1.* : . .-c. (PGFicc) — 1' -b’Lbji o^' "!)/ 

J-A— *-< .ia - .t>^ JsLjj'^fl '.JL& (J j-Lj 4jt jjP . -isbjV' -ixli Jjv L^d-i 3 

“^Wj Ji i-^ o^Ji ola-i * 3 u^if J a^bjj oAjjji Jj>o 


: cA^ 1 ^ (PGEa) ^.Uj^l^jjJl jtfo 
0_y"l-£jUrl jl j->[ 4 . ..i> ^_lp (FGEa) — )' Oj-li ^1 p 4Jj Jo>- 1 o»t* ^i*il ■ * ~:’i -tSl 

3r— i Oyx-l-^’yU-' jlj-il r^-J • ) «j^O> C-i'i/jLaX. b\ /jO j T ^J s j\ j 

O’jS" ^l5*l Oy^l^JJ-1 Jf 1^ bj jl ^il oy* bJ jl _/*i 

( -C- > l - 4:‘l J*! - * ji— 1 1 j jjJlS -LJj . (PGE 2) — D Ajbwi— 4 j*uSj 


. 4 Jjytll 0 y»r\ 5 ^ 


oVV 





: ^ js^ 

_Ji L-;t* j . (PGEs) ^tjj^\ j\ jiV ..11 »wjL*apS/l <.«J 

1 * j-j ^ t ^-p (adrenergic transmission) ^js-uo-iS/l jL-ii^l i-Jup (PGEs) 

juo L. ^ jl~a ^JLp (adrenergic transmitter) ^-u^S/l 

i a~ j . ■ - -—H O'ULjj jl jj{ 

. jiL £ ‘-*->^t j ~.n obUwl jf Jbyi mIp oljJt* (PGFs) 

. U£)i Jy Ijs. £\ji ^ j'yl Jr*— 7 <>* (PGF*«)--U 

: ^iS/b j^utJl otyJj'}brb-»jjJl 

. a I — iiJlj SLi-i jl Jd ^*ll ^ ^1 S/b jU*T 

i^.l IT ^ S/I >f ( jP 0~^«Jl ip ^J-l ^l^ii j^JLi ^ S/I ‘* -;** 

^joil {yyj til f S/I of Nl . 1-UiJ ^y^l jlSll bf . *- r -'4- - S/l 

.^1 i-lj*^ 

j_» ^i» j_p I S/I — jL*i jl j_> ija— I y Ip*-*'” -Up - S/I u-’M-i: — * O-i^j 

ji t^iii Jldl jSLdJl ^ £jai Ui' (afferent nerve fibers) «j> J _^ l v-auJI «J>US/' 
(l S/i J ; 2: «-i* (A) *>J-' jj j . (I S/'JI— o'. (nociceptor) (l S/' J ; 3 : .-^ 

(arborization) Sj^o-w u^U yi; i-£ ^-i^l ip-Ul ^ ^ S/I Jj:..-* Jii ^ . i-jJl i-_i j^iail j 
oL$-p jftJU (excitability) £-?*dl J ■^ s - W 7 j^. ^ j'j Sr-^ **J1 

0--9 - jj_p «J\s j! jJLI oJUlJ o j& ui j . (algesic) iij^ ^Ub jl ylj 
.(microcirculation) o ^ jJI « jjuJl j Ifj. iji?r iijj i-^S" jlp jJUil IJL* 

<>-* -'-dji ^ o>LLfcP (bradykinin) -11 Ji> •al^il O-LLr ^) n» * J4— jj 

(PGE) Jl ^ ^Su iJo^l oljl \jy\ dJLU Cjl^I o»j» >^l jJU 


oVA 



3 tj J ^ -- ■» !«■> J^_«lJl (B) ftj-jft l— 

...li 3 ..■n«ii vJ»LjbU f y^S_j . ^J.S: »»il 0 j\ — w,.;.<J <L*^I 

. 3^m '-jjJ* cu* { Si' i j \ »J (sympathetic efferents) • 


Phospholipids 
Corticosteroids 0 


I 


Endogenous 

algesic 

subounces 


Arachidonic acid 

Acetyisalicylic acid 0 I 0 Bradyfcmin 


Physical stimuli 
Mechanical, heat 



Afferent 

fiber 


alter 

microcirculation 
and vascular 
permeability 


Nociceptor 
(produces pain) 



smooth muscle, via the vasomotor system, 
and via release of algesic substances 


0 >^ 



^(1 * ~ ; Sr . - ^ 5 jLj| ^Jp <_-?!■..«. ^lli il ^il jO^i jt dili 

oA S JkS yik ^ S/' U;lu^ Jl tSiji U (A) iS yVl cJ jCfiii Ja*> Jii '4^ r 4- : 


jwSJ J jv — JU (PGE) ^oj^U-’c — - jjJl ^ — Ip (Endogenous) ' — -k-k j__iJ l ^-JU 
jt (algesic substances) i Sk silk' J y 1 1§J ^k- l$Jl jLioj (Bradykinin) 

. Up y£l ai-* J j-* ^-w» ^ (Substance P) (P) kill y*J US' . ^ Ukl J-J yl' 

^1 0^^ < . * » " ^ ^$1 ^.. Ij ^ ^ ^/1 JjU JL1 dJU jt ■ A X *. wj^ 

i ji <S jZ v_.~M.y- Xj jl ( X ^/1 (JlnXJlr^ *JTji i\Zj±J . v ~3jt.il ibL^J -tiP 02 j*r yi 

(algesics) i Ski Vki <yy f ji J*lyiw oU^’^U-U-. yxxj .<-Ji c-< j-ty- 
y2_U- (PGEi) ( jJ-Lj^UrUw-J_nii JXXj . jl — J j ! l Jtkr JLp 1^<W JJ JLp ^ J-** *> £ 
^JLp oU jjdl j^-Sjj . ajlj-J-l yJV* okj-xllj i.^i/1 o/yLix-.-.* 

Jl t^y-^j adenylate cyclase JLp lyjai y _ ju_; U Jp - ^ S 1 ' c/>LIi — • 

. i S 1 ' skiJb-fc 5 yk xJ'yk U ^U (cANP) 

yT v- </‘> ^yJ j* vV^*' Ji <s*y y u>jay-k«y ^ 

ft U . Vai l 0»*U j * ■> Aj ^ jovi 4XLfeJjl yU'-^jt jl ^il 


- (PG synthetase s} stem) yk yyl r’k; Vk y. jj AyArrU* jjJ' jktj . ^yJ-l 
j*_jyi x ,.^i 1 — i_L< Aj^Udl— »J». Jaujjj j ijC _yik-l ftLijJlj j jSJli (PGE) Jjjl -kkk; 

JN' y- »_>yi i j . (cAMP) Jl <j y-~* y-p J*ju cjiil (adenylate cydase)Jl 
lil L>jl (Substance P) jl yN ,i Sfi d-'iJb-'^ U jV (cAMP) Jl JtT i jl U 

Of Jft-P . ^Jl ji S|1 ^J; s‘..m A t-'LXS- (j ol jUli d-l-ttf- ,^1^ ^ (PGE) Jl OtS^ 

4-j^i jl S(1 — J lil a_'I 1 — , (£ y-L > jf (A Sll Owiy (cAMP) Jl (^ y —' ji 

jyt c^-tJl ^-UN/Ij'^-AI y y (Stress response) 2j-itf»-l ^1^-1 ^l-t^-l Jl </->y 
jl yl Vi Jkllij — *1' V*l— ^1 <y (ACTH) J' Oyy jlyi yJ (CRH) Jl Oyy 


oA* 



0 j* (ACTH) -Jl j* J j . 4-l^il Oj* Sup ij-Zs ^ 

OdLXj^t Oj— * y* Ji 5-j£t&> oL-X (p - Lipotropin) Oh jJ W '- j ^' 

J ;S: .. c . o^'-*^ 1 Xv.- (B “ endorphin) o^jj-^lM' otj* if (enkephalin) 
Cju 4jU jllJ (PGE) - <it L»t Jjji-I *L^P 

. (CAMP) -it jwU uLiaJ i)L*j 
J -i- xp Cr^J^ Ji <3 £}*j\ 


f <j ( t • j • • • **jj) (Lipocortin) Csfjj? ^ j*i 

JUbj (Phospholipase Aa) J' ^>y\ -a-d <^uJ' j (PGEs) 4-S 

0~^ 4_L jtOLl silii of jJ' . (iSU SluAl (PGEs) Jjjl jj£ 

Oh -1*V_JjJ dLli ,^1 OLu9*^\j J^rjtj . l j^\Ji£j')j\ Jjjll; «i*lu>-^ 

(enkephalins) oluJuSj^ij (epinephrine) jyL ^oll iXil J y Sup 

jj_jU LjL O^Xj u_S* cjI—JlXj! 4_j.0» j i_J> jjp <»j( jjp . 

. U JolI>\ ^LaP^M ^Lp 1* joU 0* ^P ojLp»-l jUT J jlSU uLia> »—-»■ _^* 

^\_L» (PGEs) o , Ljuj^j»-\t .m j^pil j— fcO jj ..■»' ^lill ^JiCj 

. (1 oIjlj*-! j (glucocorticoids) ^Iuj^SL; ( enkephalins) o^'^'V' 


. £* Ljaj^l SuIjJ J lu> i-Pj oll>w>jl ot ( _3r* - ’ iJL* iUjL* jLl* 


oAN 



MEMBRANE LIPIDS 


PHOSPHOLIPASE H 


ARACHIDONIC ACID 

$ t 

tfiu — - 


NOCICEPTOR 

MEMBRANE 


NOCICEPTOR 

PHOSPHOLIPASE 

INHIBITOR 


CORTISOL 


PGE 

RECEPTOR 

f 

ADENYLATE I 
CYCLASE * ' 

I 

CYTOPLASMIC I 
CYCLIC AMP * 

tr 


SUPPRESSION OF 
r SUBSTANCE P 
RELEASE 


PRESYNAPTIC 

RECEPTOR 


(ALGESIA) 


1 


SUBSTANCE P 


PAIN 




ANALGESIA 


STRESS 


HYPOTHALAMUS 

I 

[crh| 

ANTERIOR 

PITUITARY 


NOCICEPTOR 

AFFERENT 

TERMINAL 


ENKEPHALIN 


ACTH 


0-LPH H-0-ENDORPHIN 


I 


ADRENAL 

CORTEX 


ANTI-STRESS 
ACTIONS AT 
TISSUE LEVELS' 


ALSO PRODUCED 
LOCALLY 


oAT 











: fUJl AmM J\ lij&\ Ol yUJ SiUal! OLyOj^b-.jjJl Of jfi 

jj^O jt jJ\ i_jJL£ (<_j ^i-l 4 jU*S-«^S’ C->l-0»V jjiii 

0%— J ^ jo ao . (Juxtaglomerular) \ y 

i_-'Ual/»i JjjL* #i\jjj £ to} j\ {J* (*d\ Jai-> 1 V-r-i ^ II 

-.'•_ * ,^\ ^jlII Jaiu, ^Ujl J-^ fy>-> jJ 

• (PGEi) -1^ j* (*’* *•'-.-) -ll y y-bt)U»-U-ijj>ll jl j\ *U j -i ,^1^)1 cl! 

: (the platelet system) ^Jli^alt ^Ujj jyk 

J' — -S~ Prostacyclin (PGIi) jJ^ — -L-jjJi yS _ / __flaj 


: JUJI Jj-U-l y ^o US' «j>Uai4 ol jJu Thromboxane (TX Ai) 


Prostacyclin (PGIi) 

Thromboxane (TX 

. tv-U 


Aa) 


*» ;-* 

4 ,~7 

Sjj^oJl ^jLUaJI aggregation ^---4 


l$->U*Jl 


„ *• A 

— - «>- 

c— 

^■j)l Ja« J» 


£-*-^7 iis' 4J A^PjS/l _^0>r ,_5 Ji^N J 

^JUUail Sj-JupI (arachidonate) o>U j-uTl j' j-i\ J £ jy- r* * ** 
j' yl Jl— S' yjyil ^Xj 4 . Thromboxane (TX Ai) jU-S' y^yll £ Ut yi \ y-dt 
j^V j '•** • ^j^* y (• — A-i y fy— J1&' 

J>*i> l - i* ^ < 0 jSj j^o (^iJl adenylate cyclase —5' p-iy\ i « : i g oU jJ 

5— (j # jjjiL) Prostacyclin (PGIi) 

(dense granules) ojU~- jl yi LoJ ^ j~JlS3l oU^t ^UJ jl <0 US' . I y aJl 


oAT 











(ADP) -Jl • (seratonin) Oy yl (ADP) -Jl* «-iP ^Jtuwail ^ 
JUl j j~— L* j-£*j . Ji if*)i ^ LpJa— J«!*J Sj^ail 

. (J} jil ■ ~jL.1\ ^ j Oiii 


PLATELET 



PLATELET 



a-Ly^ j jlpL-J _ Hemostatic plug Sj — 11 o j 

^l-Jl j £ ^iCj . 4_j ^-LSl £cJl_JU<aJi - £- 4 j>«. •Jj <P ^JojlLI 4j«*— 














j o j*jS\ a*a\\ Oi~i •*A—A*il O^^CpL-illl ^LmJI JC 0 ^ J 

j (Thrombi) o»LULMj 5_*;lll Sjl-JI ^ <j iS'jL-ill ^ 

• (Ji ^ 

jtill (von willebrand factor) J^U J_p-j j j&l h yjA\ ^JUoaJl JU^I ia^( \ 

, (c) c^Uj-A-l ^(ADP) -M jl <^Jdl (b) c-»l jia>-(a) 1 -^ 4 J 1 

^JLp L*1 i # a»j jL»“ -tif -^>- 5j ^?' ^ tiJLlj jJcj (T 

. (degranulates) c^U-J-l 

(tissue factor) J>Lp J*-^ - c-»' ^Ja^l ^ SL-JL. a— *J cJ jil j (V 

It (J J—£ <L . ;•>- A.. JfllpilJJ 5 >UjM f 

0 jSjj jJt ((d) J^UT) (Thrombin) Oyj> 1 ]! ^ ^ (Prothrombin) 

(fibrinogen) Cvjk j- o ^vyj^iJl 4_^j • 4 -jj^oM r»la.,^ ^JLp 1 iajl 

. (fibrin) jijJr* Ji ^i-e- l ySi\ U _pUt j 

^,^•*1 ( ^ ^ ~- 1 ii^-l IkiA JLPj » Axjlll ftij mil ^ ^ ^ 

. J ^ aj cj! jZ' ^1p ^ 0 (Thrombus) AkJU- ^ J +-.. ~ .7 jt aju‘11' 

Ol— i” ^y ^ t_£^ iiL_Jk Oj-^i V L>-UP J A-jJuJaii 

Prostacyclin (PGh) 1 ^ Sj ^*oil j Thromboxane (TX Aa) 

* (JliJl OjjJj JtaJj (_> j)l 5j ^JLL aJI (J (CAMP) -h ^LiJ ji jt ^ .^ * . 

• Cyclooxygenase J' (Phospholipase As) J' pi_y \ LL*-b <Jj>JiI 

A_JL>=- ji-l-j>r ^_1 p a jJj ji\ cA,.0 ; ;U 

oL» jAj (TX As) Ol—S ^ - u¥ ,rS ljQ\ - Oiyj^) \ 

. adenylate cyclase Jl (^>b (PGh) 01 



THROMBIN-COLLAGEN-EPINEPHRINE 



: Leukotriens ol jy/jili 

— mj LjL* ^-L_ aJ C-»Li £ jJLLi O' ' j -L-ii 

Lfif ^ip cjLj y £ j-iil . (Asthma) j-i Jh J»\ j^S 

• (SRS or SRS-A) —it (anaphylaxis) v-LJ-1 it J pU; *^kJ v-t—ty 
<^*i— it - SRS -it « yJ-L> <L-J-t oiL j o^pIo aUjJL* oLj ^- iilj 

</i — it - SRS-AJ U . v^'V' ^UUi^t . OU^Ij ^ jCI 


oAV 






oJlL o ^ »i ^ ^ oJU JL£> oljJi 4,1 j _ lj^| I ^jA 

Jj — c- £ j — iij . (LTs )*-^' — '*i j £ 1 ^j— SRS — Jl ja » j »-~0 jtj . aJL jb 

j^l ^ <^» SiOidl *UJt 5i ^ U^U-I ^ (LTA), (LTB) , (LTC) ^j/y^ 

LT and Asthma y. J £ jJ3l 

4 ; >~A:ji <Jl jM <za \ ^Jil J} .ib- c j*j» Sjx-iJ _ 0 jl>* (Jl « ^ jA ji J\ 

i j~a ^y> jA\ IJL* f Je>\ jS~ 1 oii *.)a : ^_uJj 

_ ;Jo. ^Jl J_.| jJUj jJjJj . (mast cells in bronchus) V' ^ 5 jjLaJI 

4. j .111 JuJL^ • .V I 5 j£\~A jfcfr lj jk> I^JLl 4 -w . .. i f _ 0 

»l_JU>ll J— l ■*.:<; 4j jLjail ^JiLl will tj 0 **- ^ Jij • 

j—> J>\ <j Ij v*' 1 (LTs) ^- , '^-i J> ^ApJ\ 

f^C Xlt “J^ ^ (J> t iwfl i ' ^J*l4 ^j^rt^bL jl 

. aibjJ (mast Cells) ijjLjail L^ljM Sj£-LM 51a jjl u U ^*ll ( Ji£ 






Oa_j4 ^ Sij ij Ij^UJL) <.««..* jjl ol ji y")p a?-i jCJu* 

ft --111 ‘* J ^ ^_lp 1 jy»U jy u rcjUil ^*A.I «_/» iXaa (Jj Ojj 4jy^» iib j 

p 0_Jj — *ll A ; . — c- ^ Ltf- ^ ol jl^^*^' ( J-*— . . 4-yiy^l *— iii 

(Neutrophil {►— k o»jyli v-' — ^ J^j (eosinophil chemotactic factor ECF -A) 
. yLJI JfCaJi j 5 J^r iil <jyH\ J>lyJ!j chemotactic factor NCF) 
t^aJ j ^Ja ^ j^~' gLxJ; i l i»? *■* ,J-^ yll »wi 

0>-5 , jf Jjj_JLL> yli ^Lp (Phospholipase A^) -j' *j >i ja& y tU-iil y *ji yj, 
(Allergen) cy ySll j^to . <S y-V* ola-J y L -y L ' ,, J (Phosphatidyl - choline) 


(Methyltransferases) -11 ^Icyl 1*--^ c£ sUJu! ^ (Ig E)^Lii ^y y* jU-l £* 
<^aJi Phosphatidylcholine Ji Phosphatidylethanolaminjj y 1 ^J; 

ill jl—? 1 t2JdJ — Jl^Ji ouyt obi jj jJ iLiokji ji 

ftuXiii oi-^yL-y y >iX? jx£\ J&*- £ jy i >r^' 

la , & • ,_4 (TX) Ql -** ^ ’ j* (PGI 2 ) /,id$v« ..^Lojjpi (PGs) oLjaj^brLojjjdl 


y»L^Vl <j~* (LT) oLa^j^T jJji jf (cy-ciooxygenase) p~*>l -yj j ya-J-t 

(Lipoxygenase) J1 pjyi a yj j (nonhydroxy fatty acids) < A .~SjjJu» yh\ 4o»wUl 
*1— till jj 4_IiUi-l O^bpLilil £_J»y <^aJl Jlajl J^LaJl ^ liUi y j-*aJ 
j 1^*1 ^La^ l i Cj~* ^ 


oA^ 




(LTA.) 

/ \ 

LT*« LTC« — — LTD*— —LTE* 


*SS#-A' 


PQOj POI, 
POE 2 TiA z 
pari* 


JLUI L+'j j U*U U^aI (Lts) ^.y /. jJJl nJU 

oLT y> (J yr-z y* £• ^IpUlii ^JLp o j-iiil li ailib iia-lof 

. (slow reacting substance of anaphylaxis) s-r— J " f— j 

^*JLiaM (h\droperoxveicosatetraenoic acid 5 -HPETE) j£*ij 

5— Jb* iaj'jj (5-hydrox>’) ^Js- ob J iS y^~ J • 0 _^il 

^ L*T glutathion (GSH) O^Lr^Urt ^ JJ'-bj . (conjugated) v'^i 

(cis) v-'jj j ij* (LTC 4 ) 

j IfJLpli ob// vt'V 0 ^-J • (trans) ^y & Jb—^. s jj 


o^. 



: Ji IS ^yLiil 

. LTD4 > LTC4 > LTE4 

jnt PGEi -U U* ot>U**Jl dll; ^Lil ^ PGDi , PGF2 oc , TXA 1 J» 
ifj-d PGI2 , PGD2 , PGEi nifiwl ^llzi >UL» L«*L 

^L-L'i Qy l:. - 11 v; — i L*i-J 4 _JLp j bradykinin jJ'j Oyl : — H ^Ui 

JjJ* «_-J LTD 4 , LTC4 oL^T ^JUt J\J 01 — l^» ^ U ^!>Luw) jLo'l 


: J?-l y <^1 bronchial obstruction V' v**^' iJ Cs^.j 

Rapid spasmogenic phase £-ij — M (> 

Sustained phase j * — iJLl iL-^* (T 

Subacute inflammatory' phase ^ ^ y 

4__^Lil 5 j jL^Jl ^L»l ji ^jl ^ jo jlnj £,b ^ <iilj 0 ->jl>- jli j 

J-^ 3-pU> js-1 (Ig E) ^pUii Oy^U-'j (allergen) Oi*o^ y 

. complement activation ^4*^' J* f 

4_jjLali b^ULl (^JJl ,JUi <j J^-l villi’ ji o^*-0 

• a)L^ 4^jl ^jkl eZ^I jA\ 4jLc 4^ ^Jl 



Normal 


Rapid. spasmogenic 


Ufe, sustained 


Subacute / chronic 
inflammatory 



Ituharnenes 

Prostactcr.dins 

J*'yt ^ 

ThromPoscnes 


Neutrophils 

A 


Chenmioctu factors 
:nCF. L7B. ECf-Ai 


Eosinophils 
Neutrophils 
Mononuclear cells 




Ja_J Jt UviJ . — JU jSC ^oLJ aj^\ ) Ai j 

Li^iU ii. <-U ^ . ob; jU 4 jt ^JlI ^UJ^l <U ^ 

i-iU* C— iLS' LiU o ij .xU . ojjLoaJl 

4_L>- r l\ r> ...i /-XJl i . ti' q_-j»...t.l' f UJjki ,i o toUrLJLl 

— ■ ’ “ ‘ U ~*f * • >5 «■ • 

jl £L_X* j J. £ J 4“M c 

jLJ ja— yjl js— i ^ Ja_j> -Lj-ip (Lipocortin) jy ^ 

. L jt US' (Phospholipase A i) 



y j* 6 JL—_a)1 

Thymus Gland 


4 Ufl4 


IJ jjk JLxJl olXJP y* ?-->» j.4. .ill aJUtil i . «lT 

<* 3al««ll b^tjki Lj^rulJ ^Jl ^J^lydl £jA ^JjLU wJjJI _/Jij . j*— *» J-l <J} APlill ^ .jaJ j b'b* 
aU -.A ^pl_il\ l jJ j+t £-1^ jf ^lp - _yb jl Or^X - * L s~* j»;*ll a-Aill 

• (antibody) Siljall *L~j*-Sb i^^nil 

iS _yS/l xlill l/ 1 *^ •— 'b y J* j\ J*\ f ^ '** oLS”" y aJLili ^IlT jJj 

iip «_-Uj . <_.oiit j (Lactotrops) J' bM>- y Oyy jl yi Jt* 

l-i— A y£d) /j *3 IJL) ( <^L»iuiil t_l_>U yt yk jl yl ^ U*T j . a«iiil . ~ ,i lC 

(Feedback regulation) v~^' ol yy y ^ ; «-.:3i y £yil 

>-i- , j«J— *- oNb>- J- al jl . ,,.. . > ail_j J ayt_l? j*.. — a ~ iibr- j, _ Li^XjT i^JLIi 

. (stress) ■»W 3 '- )’’ 

; S yUatlf 3 JJkSf ^5 y 

*-. ; . . /a al l ^jl_pr ^_1 p j. ~.C j . j JL^aJl oJLL * j *-i ^jl a y~ y* XP <i ; ^ - ; rll oJLili ^ST 
^Jl <1 y aJkili i_pllj4 j . *—■ ,l*il ._} y aJLiil ^Jili jL-j^l <J} L»\ . <L?) yW 

Ojjj . Ji*ll (y'b>r ^1 p ax/ J_*UI fly- yy*i y j^yil <j y» . y-T 

j*— w *\ » • * t o • tj JLiP \. ..^.i j^S~ — ill aJLiiil 

. ^—1^-1 ^JaJi XP ^llall bjJ jj L«( *\ I 0 JUP 



«U_P JjlLj JjU j + J* (3 JJ^Sj J-*-b 

1 p_^ji JL*j ^JsmJ o • ^aa)I « i ^ IaXw ^i i i * 

(J-Ijk Ja-T^j. flj'il Jbu L£j-b‘ (3 IjLl* 0t—*4^ <3 b»t • b^b|j 

J~~- * S^bj jj S-*l53( (3 J~j 0-l_P »j_J|J J»l_JJ -bijJ 5 _p««-1j ^J-ib aJLjtJi C a9K> * <3 

c>^Lm> * . ^*<*11 o«la1i , 4j ^>j]1 ^ 'jjS' ' £ ^U*l oij ^ 

tjL .i ^ It ^Js- . aT . » 4 a y*~ 5 »3i vlatJb jf ^JJrl 

J^Ljbll >jij . oLi yLl ®i_» ji_*U v : — £ (involute) j V- j-*P' «-i^' 

. ia^ yl j S-* j ^Uil 



■ **** * J jjwlj i3* 4 ooO ^4 l"lt flobll^ 

(septum) l J-o tfi b aJbUP oU..ai ^ ^ J~aab\ aJLik ^0 ^ai ^ ^ .-ab j 

J-*^ .?-*? • 0?— - j Cr 4 • 5>Ji4 i **«"“' J j* jJj fU> ^ 

^j— • 0 J-^—i — 4-^-jL^ 4-*^j —3 oLuSoo^iil oJLfc ^ { j0^ai ^ J • *i y*jJl 

4— Iblnil 4 _jjIaaJJ\ .1. aol) l£j\ i»<lli ..-'.ii 4. .Vj ^0.^1 il d-b JLi 4— \j^b»"- 

lo;-»J ^oooil <i.» o .- > SmjL- ( jj‘ o l^.ij - (thymocytes) b^bi-L 



£■ j-^eu \S^ (thymocyte) v - <-!>■ y^S j jj~*i '9^^ L-ij 

4j V- iJLi-1 >_ . .S" y ju 




structures 


: js.lll 3«udJ iw—S'jJl 

j* .ll' aJLii) ‘ ^ yuH ^llh ^J^-SOl J J ^ 3 " * 


capsule- 


septum 


corie* 


medulla- 


Nassau's 

corpuscle 



cells 


lympnocytes 

epithelioid 

ceil network 

mterdigi.tattng 

cell 


t j-* (cortex) o it (capsule) *i j— o~>- jo* 

2 -TAi» .. ajI o j ^ ^ 

(lymphocytes) SjjU-J b!>U- Iflbo (epitheliod cell network) 
^L>Ji l i — -7 (hematoxylin eosin) C-i — Jjl— 5" yUJ*'> JUjllJ jup o jL 

. 4w» % i‘j)l ^*UU ( a Jl^jLwh»l J. i P kub lj^b“ O t 

\Ajj-Jb3j 5J «)l \ .t.; o 

4_iJliSl 4_i» j .-.‘>-1 4_*^tisil lu^b^ii ^_?T-^b-- ApxmI; aXLnit 

OL-JNi ijwJr v- 0 . (third and fourth brancial pouches) j 

iU ; > '_A-X)kJ 4_1 <Jb - • jA ^_>tiit t J A ^JLp- 1*7 j _ _ <L^LL»J 

. (jJ-J b ^l.£^4 .l^il ®«LP & jJ U) j\j Li * * - 4l 4j^t 



4UjLl«JL 3I ^L*ikp^|l 0 j ^ 1 oJLjtM J_>"b o^i! * ** * - * *iij 

--ll (J-4 5-^w»tj y 3 j >>_■ .Cl y : .<3~ 'Vj . k_J ^y? j.^a alt 0 • V 

yJtP ^r* - iJLiil y^? 0~* yli tAiii • (0l»— <J} ) Cj* 

,^Ui» ^..««i ^y* y*-\ y>~ SJ <5 j ..~ J* j 4j JjJl y> j.s>i\\ J»l £j . (epithelial organ) 

: 4^ y5 y—Jl Am^i J4> jjl 3-U)l i^&j\]pj 

L^tl Am mM OwLaLI C> Al yti L* -J ^•l ^J1 (Jjb 

(lymphocytes) 5 _j jU*Jil t’&Uy (antibodies) v 1 ^- <ji S£>U 

US>-' ^y? fli tyzi-j j_ii 4_i> Jb»- o' _r-*^ i_? O' •^ 3r J . j*— ~=M <j 

f^l y_»fy 5_jpUJll yj j^S ^Lp jJjJ ji j ylaJ u SjyLA»-.U! 


Ji SJJUl c^UlyJ-l dJLiil JUan— 1 <£z Jj L-J-; . (antigens) y-* 

^L»*«»r^)fl y± y^jy ^IzJl ■yjA dyJJL* ^Lp jjjlllJ ^-LP 5 j yLa_*Jjl L^AA-i 

— A~m * y LftO-LP ^yyiil _ v^jUI yy*4 bjjuL* oplciLwi y!^»i JL«ly . «0Lya! 4_pliii 

j ( J — . L^j O-tiil ^_jj ~' Jt ! < -r*rr^’ J 03 . ^L- y y!X7 y 

^1p Jjb Ijf , ^ApLil ^l^jj yj ^1p Lqj jJlas a^U^I AtAitll ^pj^iii y&\ \ 

l^j^o i, - *1^ *a * *>*• >ill y > J& y^ ^ c>l (3^^- ^ fl-ijtM j y^ o i 

^^Lya ll yj j^P Aj»iyB> A^Iai i o^I 

j^_P 0^\ji> OpL* Am« ««) i OJLiiD ^JLaj Lf 

j^j 1 ' JXli ^>j . ^jfl Ji Ji^i -ii (non-cellular defiisible material) h 

I L*jb ^1 p A«i aJjtll y VlJl j n.« - at) y^ff-\J\ 

Aa* «j«>^H ^ £y*mS> j ^3®'““’ 4«pLJlI y* Oi*^ ^ ^*>* ' ^»3 P-Lijl 0^-A> ( \ 


. C> ^ja]l 4 j jl<».lii 


©W 



(thymic hormone) v- Oy y y ^>y j* ') j * i • j-d ( Y 

. p « — 3 <J «-Aldl bb^-1 vJipLiaJ ^1 Jj»- 1 <j ^thj <^—3 J ^ 

Jj <.. — - Jj ^Ia jjA ^ ^v»r j ONI tib 0-w 9 ^ J-i* - t^l CllS" 3j 

/? £-V-Jl ^^Cdl jL_$Jr‘ id* 4»j;lr? y>\ j*^~“\ IjJ j-lJ- 1 jj . ,»-... > ^1; ^pLil jL^>r'- j^-Jo-ii" 

4 (J d^xji jji y*# 

: j»— JrU ^Uil jl^Jr! jjt./r 

• 0 >«— ^ j »— * (^*-3 /*■ ; —■ * > 

Cellular Immunity h _jLkl SpLdl ( T Humoral Immunity SdxbU ipldl ( > 
ej-* * Oj^jj . (Antigen) s-~j y Cvjji ij^^Jl ^Ad" <^ r . .^a^jj 

*31 (plasma antibody) 3 j pAJl j epUaii j.L..-*-^! ^(gamma globulin) 
j-~> i_ijLuJUi L 0.3 jj Jl jL-ij L^-j (Humoral mechanism) i-JahU 3_pl.d> 
«3 — ill Lfi'i (interleukins) obd Jx* (lymphokinases) olju-T^^i^JJl 

<3J j ^_U (Humoral Immunity) *-3a3-i «-pldl (Cellular Immunity) ^ 

(allergic reaction) ‘-333-ij *j _ jkU spUii 3 y l.^ *> t^j-AjJl ^ j*_ Jd 

. Stiller ^-3 b^U*-l jf 4-j ^jdl U^Jj 

, ipld! \j^rr\ jjioJ ^idl ^^J!jl 


Thymus 

|t lymohocytes } 

\ ^ 


Macrophages 


Effector T cells Cellular 

• (cytotoxic T ■ — ■-■■ ■■ » immunity 
lymphocytes) f 

Lymphokines 


Bon# marrow Helper Activator Suppressor 
lymphocyte T ceils* 4 " T cells “*■ T cells 
precursors \ / 


|B lymphocytes - 

Bursal equivalent 
(liver, spleen) 


'Plasma cells ■ 


IgG 

IgA 

■Antibodies IgM- 
IgO 
»se 


► Humoral 
immunity 


oU 





(Y Olk S3C) jbdaM Cj* dd ‘b^jbdJ 's /'V wSL ^ A-jeJLiii't ^ yl.i?.~- *%Zj j 

L.^U-1 (jjJLlj o j-£j »-■ ;■*- 0 J-d- L-f-*ij^ f <-&> jJi (j 

btdt t yif ojjji c/u _»> p A-iil jjLjl c-£ (T) ^ 

. 4 j 


(T) b>U L*t . «LdJLl 2~dl bpLM \£h*. £p&> (B) b^U jOJj 

" 1 . *,-T : / T} J \^*^>- S a .1, 1 ial ».)0l *»..« /»4 Lisi> b^t^ 1 

4^., ’ Al jjtM ^v* JjJaJ! e^bd ^Lm^pt^/ 1 * ^ U, 1 *^ _ ( 3) b*^d- o~ldl _ a-pLAI b^Ajbl 


p. 


V v - l ^ * ' 

(T) b"}bp did .jd j-; ^JbM £ bj"V *b • ) *ii ^*4 -AjJbui *J Xib?^ 

b-£>U-i d-i" {j* j . j-*d' »-di ^ bid t yi (T) b>b- .j* (helper T cells) SjlpLJ.1 

, », i -»> ~ *rl) ^P*jAi 4_ 4 ; 7 *^ 4 -> - -.,* \ dUpb^Al 

(Tlymphocytes) bjbbJA (T) b^bb 


u.-u 


* V«* I . 


1— (helper T cell) #Jd- — 1' (T) bV^ jb~~ ^bj . ^c-bii 

Oibj&i) ^doT vd U^jb>- \a^S 4_j ■ * --»■ b L£; (3) bY^ - 

^>U» pdJ UaJ eopbAl UMdJ jSd bT . (antibody - secreting plasma cells) 
t-f . (Cytotoxic T cells) bbJi (T) 'P* J* (Precursor T cells) (T) b*>b 


C^-C p* b >-*- _^' (suppressor Tcells) dJtil (T) b*>b ^ (T) b^b- ^ dltll 

(B d; jldJUl (B) Lj^U \\ r -.diijl ^Ap i^Ldi b^bU . ( , dl 

dl (precursors of cytotoxicT hitiphocytrs) dbJl (T) b*>d- ^AJUjt lymphocytes) 

1 %jT oLLfcP ^|^»w (T) ^ ^j^jsu 

jo: Jail <**sA\ b^>* 4 jj \ |i ijLii y3 SjuUlI (X) JsuiT 

• ( ^ o* r-^ 1 


0 ^^ 



B CELL 


ANTIBODY- SECRETING 
PLASMA CELL 



PRECURSOR CYTOTOXIC 

T CELL T CELL 


^P (T) ^lp K*** j+yJl 3 JlrJI 

Lj^>- J_>-a;.4_j jLL*JLii(B) <ia— 1 (Immunoglobulins Ig) cjLJ ^ ^LU 

. ^Ua*M (B) \—*5^ 5-— < o-LiM £j* 4j (T) 

• J^' cf j+*k c^LUp j (Phagocytic cells) <3 jTty «S jLiJj 


V. 




^B) > i i ^ ^ »j d^L* fj* l A«Ai 

(T) 7«Jo— »“ <— Lp Oil— Jail ^L-««Jr^|l l*» -~ . ftJLfcl_ . Jl' / ' f J Ij^iv- jv 1 l ' C* ^ 4-pilil 

p Ja^ 4-)^S^)|l L^jLl < J-Ji H j v_. S ' jA Lj i^j j»S\ j».-. jrL (B) ^jA i^Uil vlJULJj 

• VO*^ j»— ■ Jr-l 



: jJ julTj o ja oU jas y& jJ 


(Thymosins^^*^*^! 44^ jUaj ~ J*Sn - .J^- ^jl^i 


-u 


a.iiJi \ Jv 


(chemical properties) *— JL*S$\ (MW) L^jjl -d-X : 

i ^ V (Jj-iA-s jAj) J.U1 (j (origin) 

D.W.Wara, Thymic honnones and the immune system. Adv. Pediatr. 28.236,1981 


Compound 

MW 

Chemical properties 

Origin 

Thymosin fraction 

5 

1000-15.000 

Family of heat-stable, 
acidic polypeptides 

Bovine thymus 

1 hyTTiwSin Oj 

3108 

28 amino acid residues, 
pi 4.2 

Bovine thymus ■+■ 
synthetic 

Thymopouf nn 

5362 

49 amino acid residues, 
heat stable, pi 5.2 

Bovine thymus + 
synthetic 

Thymopoietin 
penta peptide 


Amino acid residues, 32- 
36 in thymopoietin 

Synthetic 

Thymic humoral 
factor 

3200 

31 ammo acid residues, 
heat labile, p! 3.7-5 .9 

Bovine Lhymus 

Serum thymic fac- 
tor 

857 

9 amino acid residues, 
heat labile, p/ 7.3 

Mouse, pig serum 


\ o 




.t..ll jJlL' 


0 — i — »i3 1 ^-Jjt--L*ClsJo j ^-1 j n rt '«■ J . j«;*H odadl jA OJLA ?y^j q 

O LLrf? j4' ii j . ipLil p-.ljl' ,J> 5^-- o Jjiil r »-teL^T - *• -■■*• a... i 

Polypeptide Bi -V^ 5 (Thymosin £4) -3 ' j (Thymocin ai) J' j Vr*^' 


(Thymosin-Mj (Thymosin ax) J' ^ JS3 

Facteur thymique serique (FTS) v- Thymopoietin II J'j P4) 



THYMOSIN ALP HA j 

Ac-Sec Asp Ala Ala Val Asp Thr Sac Ser Glu lie The Tbr Lys Asp Leu Lys 
Glu Lys Lys Glu Val Val Glu Glu Ala Glu Asn 

TBYNOSIN H ETA 4 

Ac-Sec Asp Lys Pro Asp Met Ala Glu lie Glu Lys Phe Asp Lys Sec Lys Leu 
Lys Lys The Glu Thr Gin Glu Lys Asn Pro Leu Pro Ser Lys Gly The lie 

Glu Gin Glu Lys Gin Ala Gly Glu Sec 

THYMOPOIETIN II 

Ser Gin Pbe Leu Glu Asp Pro Sec Val Leu Tbr Lys Glu Lys Leu Lye Sec 

Glu Leu Val Ala Asn Asn Val Tbr Leu Pro Ala Gly Glu Gin Arg Lys Asp 

Val Tyr Val Gin Leu Tyc Leu Gin Tbr Leu Tbr Ala Val Lys Arg 

FTS 

Gls Ala Lys Ser Glx Gly Gly Ser Asn 

JUS Cynj • (ubiquitin) -J' vO 4 (Polypeptide pi) JuJl a-LLjj 

ir* - 1 — aoiil UjOaS" f (ubiquitin) -H 

J “*i ^ ^ru\ — ^ ijy tjS\ t*AA J. ?r\j jj\ 

J-iJsj Jllf <i‘l ^ y £ M J JLj-L>3 A.-V J P 

Oyjjj-M V *UaJ \jj\ j JLl.Ji 

Cr* — '*)p LLi* _ (ubiquitin) — J' )l l-il . ^ jIjA-I 

1 10 20 * 

NHj-fiet uin tie fne Vai Lys Thr Leu Thr Gly Lys Tnr lie Tur ueu Glu val Glu rro Ser 

GO 40 

Aap Thr lie Glu Asa Val Lys Ala Lys lie Gin Asp Lys Glu Gly tie Pro Pro Asp Gin 

SO 60 

Gin Arc Leu He Phe Ala Gly Lys Gin Lsu Glu Asp Gly Arc Thr Leu Ser Asp Tyr Asn 

70 


lie Gin Lys Glu Ser Thr Leu His Leu Val Leu Arg Leu Arg-COOH 



: (Thymosin ai) 

^ jAj # jLu^lj 4 ^ I** dJLikil C^Uaivi^-^ ^jA aIjp ^ -l -*-* Jb-LP Jjf ^jbj 

Deoxynucleotidyl transferase —S' J*laJ ^ Ja** US" i-pldi (T) o»LLp 

Jjlf 0j-» j* (_>^ CttJ *-?t jj V j ip j^%S. a) 

i j^-Jjji A.-^ _/ Oy <j5 4jLXJ A?rjj ^ i*S”" . a/uXJ J 

iajJi 0^_>y>. Prothymosin a — J' o»L— ' j-Oi o> uii j . 

. j-UoJl ^«jU f. jjr 'i/l t* (Thymosin a) -'' O'j _^wi' 

V—v-J o'J—Xj 4_*j j! -Lj.Jj£ jT Ji *jyi JjLJi iCaJi <j O' 

o>Ui«J' iJju jj-ioj. I j -. S * y ^ 4~w*Sl' <v* aJL« O' *«Xj 

-l ; *-.i O' iOl^.0 *b»-' ^5' >~J' ■_ . J~r ~ lyJi 

. a5"" J'~~ > A.la^Vj( ^JS OjT Jv-Xj ^5”” ^i5" ! .| . ~ ->r'j ^Puii ^uiii' j_S aj A-s^'v?* 

• (Thymosin $ 4 ) $4 

' ■ « /» .»' A_i U_XP ( ^_ s >*y' • t ^ AT Jjj P 4 

. Deoxynucleotidyl transferase O' ^> : i -^LaJ jj j^' '-^ J-Wj- Js~-' ^ 

£- Ja.: " cjLJL-p ^j-Lpj (lymphoid stem cells) v^y*-' W^*-' > ji 

10 J li 4 jI«U (^1 Aj*-y ^ j , 0»liJ' *“** **' Aj^»\j4»;1'' 9 

»iJLlj ^LjJ .^JLsp'p ~ jt ~^ r ji << ~’^ Oi O'j^; t _0»'-^ w S 1 ' 

15 10 15 

Acyl-Ser Asp Lys Pro Asp Net Ala Glu lie Glu Lys Pht Asp Lys Ser Lys Leu 




25 30 

r7sj Asn Pro Leu Pro I 


40 

Gin Ala Glu GLU hSERi-COOK 







(J) 0^* P 4u ,-w j « jTI I jkImjj 

J_iij . p j * jT\ I j_> -l.-tu >»1 jLj JJ lSl (j 4jl jjl i_->w3J O^J C?^ ^ ^ 

. e j ^ jL* V— J p 4 kjw-^^. :l l j p io,jw d)( Horccker j-$-b»' 

j olJL^ 4rt l S ** jA J i j> « j Pj J 


• P 4 0^-* roU ^JW»t t Jai- jjj . *8 1 1 jJr' <i Jj J . 4i 4.J L .-. 5 ’" 

: OU-mi 4-sr^J Oijd(d! 

(Thymosin —3' j&-tr \. 


4. -■« j « .t)' frUjij jjjlJi ol;.«. .ri' IjLj 

. v ^-iaJ ^ « j*\A\ j « ^Lil Ja-KL' cLjI (Prothymosin a) J' j on) 
^via.— i 4 .la»ll Lj^Ui-tj “'i— 4_j ,, ^JflJi Jj (Thvmosin on) -J' ~^ r ^J 

. 4 iJaiii j (thymosin P 3 and p 4 )J' ^ JT Jjr I,*.*..; .4 

L^J4 j* ji>\ ^ y»»'' 4i»JL>»l k^'L-’lj-UI jwjj 

^ »W ’.) (j 1 _/*La 4. oJ_ill .„.*Lj . p. ... ^pClll ia'.ll Ql*i3'.li 

jL*M c* ^*>UUJl JB J£a 3! cr ^j . r — j ^LLI f liLU g?/* >1 jl**' 

W ^ i-^wawil L — - Central Nervous System (CNS) 

Oi—- S_^dil i_*r>Uail L>!&U roa— s' <j>>* Vj • Neuroendocrine thymus 
«— B o_5ry l_*S" Cholinergic receptors >. ^_U 

4= -i_Sh . i-jjLUiil (T) L,^ (P adrenergic) (Cholinergic) 

lS -sa* js\-> j-+j gamma aminobutync acid j—*- ob y — • i\-£\ 


'j-* OjOjJI jy* Jl UU^b . V- ioiil j '-jjj** neurotransmitter 

0 J— * _y4 .4;,^) 4«Utl' ^ jir o^l ^jbl 

*i»ja . jyldi i jmJu (TSH) -i' 0 y ^ 0^ b^. (Thymosin on) J' oby^ 


V 0 






NCUROCNDOCRIKE ~ 

PATHWAYS » 

\ PROLACTIN) 

GROWTH HORMONE 1 
THTMOTROPHIC FACTOR 1 


w-m 



KILLt* CELLS 


<§) 

iORY 

h® 


r® \ 

/ MEMORY CELLS 


j mr**t&*om am 
/ — •“/&) 


\ Eff ECTOR cells 


awti- 

OENiC 

stimulation 


CELL SYSTEM 
iCELL MEDIATED! 
TRANSPLANT 
and Tumor 

IMMUNITY 
ALSO viral* 

mycobacterial 

RUMOAL AND 

protozoal 

IMMUNITY 



BONE r 
MARROW - 
TTEU CELL 


HgXD- 


m 


PR£-anTiBOD> / 
PROOuCiNft 
STEM CELL 


COOPERATION ♦ 

HELPER CELLS 


ANT iOCRlC 
STIMULATION 


MAMMAL lAN 

EQUIVALENT 
Of Bu»5A 
Of fABRiCiuS 
I SPLEEN, BONE 
MARROW, LIVER 


tt)\ 

LASMA \ •* 

:clls Y^i 

/ BACTERLfeL . 

! vtHAL 1wiiUI 


PLASMA \ CELL SYSTEM 
CELLS I ANTIBCWESI 

AND 

immunity 


MEMORY 

CCLLS^ 


POTENTIAL 
?l ANTtBOCT 
PRODUCING 
CELL 


W 

plasma 

cells 


La ... *» J) 

J . jJU ( 


L— j (cGMP) Jl ol 

^JLp- (cGMP) — 1* -l-*^ 

Ot & j . (cAMP) J' J* j* y ^ i ^ / s 

<j w'i f.Ljt L'i**' jjjIj (cAMP) Jl j'-.-a Jb 

1 1 0 >b .1 »,P f tLji ^ (cGMP) L/” 4 JT ijjm u* 


l vl.l I 



Pineal gland ^ 5 ju>)I 


\jkjj]aj jS, J^iO L*-i _ l* Ji?- . aJj 4 j^ a-liil jCmj 

j t-e . L— L-I (Photoreceptive organ) «. yalS J-i— • y^e- oUU jdl ^ ^ ^ 

IU t«LP L )) jS" jjl f j .jail ^J.aT ■ — > j Lfi ^ ^ Ojjlai 

. 4jjl* ; * eL_JapSllj 0 L^-Jl <L^1 ^Jl 4-J j*j aJl ^J ; ** — ~ 0>U ^4 

^ — —5 ”" (Melatonin) Oi— ' ^-lc- 4_>^j^all ou_«M £-Jt y J* --' y 

(acetylseratonin) Oy y'* J ~--^' j (seratonin) Oy y\ j (Methoxyindols) 



MELATONIN 

(N-acetyl-5-methoxytryptamine) 
Primary secreted product 



SEROTONIN 

(5-hydroxytryptamme) 

(may not be secreted) 


H 

I 



N-ACETYL-5-HYDR0XYTRYPTAMINE 

(N-acetylserotonm) 

(may not be secreted) 


ji j . *-)yy*a 5 \ a-i— «31 £_Jl y <t_jf ^Js- (Vasotocin) yljy -h ^ d 

4 — iy aUjtll (J} £jijy £j* * 4..» !C yJi£- ol^<l 0*Vi ^ 

. / a _^aJ' 1 ^-1 a (Methoxyindols) y^S j_Jji luj*j j . ^op ^ 

. ijC - aJLmLiII i ^U*.7 4J j *-_ j v^»lj ^4 iyll siJLLr of j-Ljj 




o\_*rl i\\. y y*. .~aM till Aj^-U O-'U y * yit aJLa A~*Jbl i ^JiJl ^all£-y 

jt lj_fl A -~ ^ ~<y 4j j) j'-s*\\ oJjtli \jkjjiu ^Ji A W it. ill Sjlil yA yy y>Lil OW 

n -* fj» Jl3^ Aj^J j OJLaII 

6*1 1|T- 4_J y j^aS\ 3 J_ill XS^JU j 3 i^aL- 1* jj^'j 

0^— *Ai UT A ; ■- : rLi ^JjlU Jgljl Jlj jjjsilb A Jjlll JaLjj^ villi ^Aryjj 

. Aj Jill olj y* jA ji Cj'jyljJ' ^ OJtJ li 

: Evolutionary aspects 5 jaU 

(3j— P L^jf ^1 p jl. l ... * <~iS'y . (. jjall a-XxM 

receptor cell L^*>*11 O' \ ^Ip ,jj . ^bjULil! (_} Sill* 

JL^r yj , ^iV-Jtll AAw J$ O^y^r ^il L'Xj'-t «ixSj jv;5"" JL>- 4j LiJ A-i>v*-JJ Aj j\ jJv-S Ol*^ 

sjtJL — J (Pineal vesicle) s c^’^Uaj j Ij^UU 3^L-J-i 3 ju jliJI _^U*M 
C&*h j <poi_ail (Frontal organ) ^Jr' y^\y t ( aJ y f y ) IxU-i 

3JL*I> A. .;./»»!' ( j -> /,-vj 4jL»i«lJi JL^'> ^Jv J , A-Jj-V --H 

- (Retina) c**h (epiphysis) ipaiJaM j A^*uai> 




EPIPHYSIS RETINA 



(UU-j A...S1C, iJU) t 0.3 -In ill 4..»<i»ll (M) «■ 3l.S;.«U <JbL»l (R) 

(A) i-'hji' 5 -JLj <^wxkJI ijUt-t (B) \jjt aLlJl (_j SJUl-1 (P) 

O-Lijl JJ^j j*_~ JL JJ . J-A^\ ijijJl Ub»4 (G) (amacrine) irop 

3_j jl y\ b^U- Jl L Si jJu (photoreceptor cells) t. i LU-l l J y£ Jl ajj y~al\ 
JUll JSLx il ^*-s *jij secretory rudimentary potoreceptor cells <■ il) ** }\ 

(Amphibians) oLJl^n)tj(Fishes) ^Lc-ty J (PC)* jUab iLL: — -ll ^ jja£\ 

j L*5" (RPC) * j— iii « 1 J: — ^ Jl (reptiles) 


. (Mammals) c^L.aJI j US" (Pi) i, : (birds) j_yJii'j(reptiles) 


A. A 





8IR0S 


MAMMALS 



3 _J 'j-Jail ^i*l\ ( j£- C...y y 5 ""t gJl-^jfjyll j 

c ^ -/all o jjjlt.«.«ll jLi-l ^ ^jtj! 1 

y ji>\ ^ j<ia\\ ^UaJJ «ilL *+ Q* *j j>, y^aW ®JLiil j . Aj^j ji^ali #-V*)i L^ti- 5 y»ll 

tj* Pineal massages «* j>y*& oi jLi^H o>l jJL" J—u «J_~~ Photoendocrine system 

. (colour changes) v ol js*d' ( N 
. (endocrine control of reproduction ) J-Udd yyjM p-iiult (T 
. (phototactic and locomotor reaction ) *S J - U IJ j^a\\ c/>UUdl (T 
. (detection of polarized light) »... ka: .- U * y^ ( i 

. (rhythmic phenomena) • yU* ( © 

<lj. y^ o-ull (J . Axelord) i jjLSlj (R . Wurtman) j Jjiij 
— 0 j — * j* j! yin c j-*> Neuroendocrine transducer y y J j-*-" l ^ £ - 

■AX jA\ »> yll jl y^j 'I - Oyy*>M-' 

exj\ gJ' time signal <yj » jLj i5y*'> *L Jad '^■JJ £\S O jA j}*\ 

time-dependent physiological processes cJ yl ^Js- iju^. <y y-\ <^r y oLloJ 

A-— L— Lc.jj gonadal cyclicity <JL— -Ud( i-t_ill JULiJ *jj- j ^ Jr' j-Aill £-a> 

. w>t q. .•.:li 

: SjaU h jii-l 4 _s^ jl jJlj 

jt iLfl' } ^ y* 4 xJi .»Vi jjv jJ _ 0J~- J) - oJiil ^aJ 

< y**— id i <3 Sa_i)i 0 (mesencephalon) -!=—>• yil ^U.olU ( thalamus 

Oj-jj . y ? ^_p y *.11< o : r j J j~ ^ a : © 

^J.1 <— ijy ^ — «■ 11 ^iJlill u i - U il A-ijjLl AjlJ-l xs- ^ j . fl ysyi L> N T • J'y- 



0 jo iiLAaj oJjiil jwai <jL* iLu-l vi--^ (diencephalon) 

•JLiil J>-jlTj (Pia mater) 

. * ^ Ur* j jj. j.sik ^ L^jL) (JL^L Jau>*lJ 0 ^ii-1 ^U ^j^UoJl 

• Light stimuli e <> j>, j~aS>\ S-iiil 


Retinohypo thalamic 
Tract 


Suprachiasmatic 
Nuclei of 
Hypothalamus 


Median 

Eminence 


Postganglionic 

Sympathetic 

Neurons 


Superior 
Cervical Ganglion 



Olfactory Bulb 


Medial 

Forebrain 

Bundle 


Pineal 


Brainstem 
Reticular Formation 


Spinal Cord 
(interomediolateral 
cell column) 



* i-lj-AP sit jL — < yo ^jP- <jv*il «- >■--- yt $ ^iaJl Sz'.i j 

ji! ^-*a*jt jLp-JQ i— - a*j 1 sil»auJt ^ JiliT L*^. ^~ a! * " jLfsod) <L-*L*^t 

jt j->\ ^ Jraii (J-j 0~^ L/1— ’ C->1 — Ja-jJt a-L-fc j > j7 . <j ^ i<a)l aijbt 

tliiit ^Jlp oi ( P adrenergic ) 4-itaj- 5 ' b-Jt si*>L ii~> U jJo j 

*-i y j ■><?*' ai_il) 4,, :; ..-a.»)l sit js_» tilt (J j~. ---«M aijtii L^Aji- jijbl 

Neuroendocrine transducer y y j* ^ac- J^s- ^ ^>uoJl eoiit jUpl # A/l 

a_j JL^- j^-iipt J_?-t ,^1 t j .iai' J y*--Xi<-Z ^Jait siljj-jlil; ‘ Sl»rU siiJL?-^t '•XJj 

£^L>3 Jt y oT -L-'yU (surachiasmic) i^b-aiit <Jy 4j Ji J^‘ V citjLit 

4 ^ . . -it )i Lj^ji-i y> yf yS- *->_y aJLiit * Jj si—-?- S—^L'S't * .o:n)t JjjjuLj ^5 "" j -tt 

jt yt Aja— i ^ (postganglionic sympathetic neurons) s -:-^ a-J' ^ 


1< ^JLc - L-J^b>-t yj si •?- (jLiW^l (3 ®j fr^” a-liJt O 

^ j a ' l -.*. ^ f S ~* — •-“i-^LLtj * y — ) l^O t si t a ** j3 yA si* l im ^ y ^ jsl— it *\*&j . si iJ y^ 

. (X) ^J*-i S aJLii* jj*- a-iiil si*^ ^ si Li u >Ji 
0 j < ~HJ • 5->cLJ' ^ {J *-iji j^-at' ai_iit <3 L^)U-t jjt /p> Jj-Util Jjrjjj 


- (interstitial cells) i-iJi u^i-U (Pinealocjtes) i; ^ 

i—P j^/l -Lj Jj»JI iis ^ ji a-t*M -ii j . y jdl y sit ^ — ■ 4*—-* aL^ait <^X* <3 aJjdt j^*iaJ 

l_jj ^$s> a-Liit >i 4 j j.-:. j . a»Lfcjill jsP^* aXsjdl siL-)S(t J ^ 


-<a. 


a]I 


sJ»!_J^l ^ a-iJiii L— sisJ^t Liij . (fenestrated) 


sit j • 5sLb 


J a^«iw» siLL^Jt -ijj . ^jLIklt .- I t Js^Jfl Jj.- jliLt 

^ f ^dt 4ij^O^[ t 4... ..a k it s>*Lt^ *l t ^ ' ' ' aa^)t ^ j^]sj J r 4j y j »*& )t d-lxlt 

• J'>i Ji> ^ 



: bj» 5*u)1 oU yA J l 


Ij^U- ^ e jl j_iij *i-l£ ^o]\ y Oy>*yi (melatonin) jy y>m 

J .~. — ’V'j (seratonin)Oy y ji — ^ j— * j?— a* (Pinealocyte) o ^ S-Lili 

. )l >/l *->ji j~A\ o~L*ii a_*U 1 c->LJ y£il ^ (N-acetylseratonin) Oy y jd— 
<— aii-i jy**j • y- o^y oyy^y y ^ 

oNj-t-Ji •- < > *' ^ ,.-, !T j jJLaI Jjxtjjj . ol -S ’ (jJHJ ^JSxj yi w>l *-^ > 1 
5 . .; •/ --ii Lj^i- ^_£jC L . 4> oj\ SaiM j (hydroxy and methoxyindois) 
. i^ju\-ji yi j_4 -tji <_] j_> ^ _*■* -X y yi 

o^y jy*s.jjub ^ys&. Wy ooyy^' -Wjo 

. j-y.1 j LxJ o-LJjy y*j (Neurophysins) ^ 

-i_*j ^ yi l*i_A 1 ..«? ■- y^pjjki a-H? jvJU j 

_H-jlili 4_*«y ( 5 - hydroxytryptophan ) J; ^j— y' Saill J.*-b y ^ 

_ii ?-:j\ J j-£j . (Tryptophan hydroxylase) J^-S'jjjy, jL*_^yt 

-5» <r-^ y til ( 5 - hydroxytryptophan ) -1' (aromatic L - amino acid decarboxylase) 

j C- : y ‘ jf y ^-r^j • uy-y i b. ( 5 - hydroxyiryptamme) 

Ji y j; — — ’' v y~y tju'J ^ySL-i?xJJ . /,iy 

: Ia> Ci^y; ^y^y* 

N - acetylseratonin Seratonin Cry y J y (/jJ' N - acetyltransferase ( \ 


N - acetyltransferase 


Seratonin 


-> N - acetylseratonin 




hydroxyindole - O - methyltransferase (HIOMT) (T 
-ii 5 - hydroxyl -1' S - adenosylraethionine (SAM) Jb j* JibJ' 

(5-methoxy -N- acetyltryptamine) Oy Ji ii y^j N - acetylseratonin 


hydroxyindole - O - methyltransferase (HIOMT) 

N - acetylseratonin ►Melatonin 


* — Lj^^I i j-A wJ— f^LlaM (J jj-i 

. *j y juai I iJLiil Xs- ol ji y}Ul «JL* *al 5 j 

j\ Xi j ji y^sLi\ j jjj— 1 1 y^AJLl *• ~-A 

(A) J> J~k fi J\ CljiS bl t>l . i j~a]\ j Jl J\ j flinty 

. £->br o^lALaiil kiiij ojJ> <_£*^ 0^ 



TRYPTOPHAN 


AXON TERMINAL OF j 
SYMPATHETIC 
ADRENERGIC 
NEURON ' 



INo 


BLOOD 






























Ji (Tryptophan) OL» y> jOl J_> c/jULj; JtaJl jSLiil Jjx L*T 

: 2j^jj~-aJl SaiJi <j (Melatonin) Ov y^-^l 


,CH— COOH 
NH, 

H 

Tryptophan 



Accumulates m 

pineal in light 

and some secreted (?) 



5.-hydroxy tryptophan 



Aromatic L-amino 
acid decarboxylase 

I Light 



5-hydroxytryptamine 

(serotonin! 



Melatonin 






(Cerebrospinal fluid) ^ j j Cry J**>. } jjkj 
<j <j> ^ U=tiilj <_Lii j i-j j^uil » jjuil (j ,jC • p-dt jV di ^ y~* <_}?* 

(microsomal enzyme) ’J^v* p-* >1 J -^' <^ y£j • ^ J 

. (6-hydroxylation) p) j*-ij O^^it 5ji ^-1* J-— **y>& <* ' — ^ y^- 

'~j‘ o jj *st *1 ojjfc ^lp aJL*P 

. (j\> ^r^L-*U ^JiJLiil >tli c-»i 


0 

II 

CHl0 >s^N ^CHjCHjNHCCH, 

UJ 


Melatonin 



6-Hydroxymelatonin 



Sulfate (or glucuronide) 



a_ 0->L_jL$J I J-A ^t>Uail (j ys jL*>\jjA\ j\ jJ\ 

. (pinealocytes) a-j y j~A\ ixiil L£>U jus- ^J! (adrenergic neurons ending) 
uUis-\ ^Ic- ( p adrenergic receptor) ^ j>jAu\jyS\ JaJ^ 

a- 1^M J^b (cAMP) -il yw <_ jJ U«L£- (O'yil 0j^> Ji) aj ^ j--^^ Soil' 
(Protein kinase activity) jb-S" jJjjJi i*LiJ a_jJ Ji (cAMP) -1' <y 
. N-acetyltransferase -1' (*j> 1 ^ Ji <J>y ir-*^ Cvjy. 0 j*~* J** 

ir * J^k? ujy%* Ji Oy'y'ji— ■*' Ji ^"V' '*** jijfc ^k) 

At- ^JLp 4 i , aT. ■* > ^-iil t ^Oal' . »o)l jLj 4^ ^yu<a)l Soil' 

j\ { yx.is ^Lolbj a_j j> Soil) aj i_jLac-^> 0 3 oA O s oil 
-seratonin-N ^ — j> : i -M — ^ Jo. — is- JI ,ji j — » m \ — i 3 __, y ysSS So_i)l l-Jh* ,^As 
J-ij Jl j — *\j j ulL \joj (HIOMT) -il fijlj acetyltrandferase 

Oj±juaJ\ j' j O-ol— A-l ^ It *.\l 4_oJ J S- Aj y y^jl Suill jry lj bsw*^* JLp-LkMj 

. obl! StLa^l c—»- L$j u*j -U.C- 

. a j-i j-a.' j~- \J So-i ju j £ t (N-acetvltrandferase) J' uj\ 0) 

— 1* 1 JoJj- <jO*» SoLj ,JA ulj 3t» — oJ jjJ — o?Jo)l j' j\ Jj — Ji'j - — * 

3_*;b lils Ju*- y Jij (Coerizvine A ) (A) ^ j\ jy.^j N-acetyltrandferase (NAT) 
Lfc^jL" Ijl_j jl i N-acetyltrandferase - inliibiting substance (NiS) '-i* 

• Cff 0 *^‘ Jl ^y ^ (A) jvjyj‘1 Jiy 0 -^i~ boitf- 

JjUc* 0iLj j (^-Ip Gama - aminobutyric acid (GABA) -b j 

jjJ'J pS-Ji\ JL p Jbs-' 'j> J jyb (cGMP) O^j ->i Ui^ j'^*l 

. (cAMP) J' j* jijiyi't 



jl N-acetyltrandferase y. j 

seratonin N-acetyltrandferase -J'j N-acetyltrandferase (NAT) : hy. 

. N-acetyltrandferase - inhibiting substance (NIS) -5'j 



. a -Li (synchronizer ) 

: Melatonin receptor jy jTAil 

^lp ^1* JJi ON^ N 

0> J?l— 1* c) - binding proten j jf uvjy. N ^ YA ftp 
Jr * - : ■-<• *>• <y* <5 - jliilj (hamester) -*IAI j J? cy 

! ;; ■« -l*J dJii Oi» iJLill ,_AjUi jyU llj . 

0^ ^ {j — **ll ,^1— Pj . p ^ '- A jyl *1 ' l«i* Oj^—i of (J} 



^ j *— >- Jhj (J^* pl—Japfyl y — » Oy y^y^JJ 

. y o*JL -iiUr'j 
yJl OlyJlsJi 

AJ'j^jU ( ^ 

. OL-J^'I j drowness ybeJ' J u y*-»-' o v y^U*' vr-i 

: (LH) Jlj (FSH) Ji (t 

Cr* (GnRH) J» Oy>y* yiil (LH) JL (FSH) J» j \ yi ody^JLl -k^ 

ij yyU \ j • ) > j \ yS" j> -Xuf- c>y %a ajI^M oJLa (_J yj «J^Lli o>iy U >r . ./ij j . ^y L» N 1 L y^J/A 
<J-i_ *> y^ /. ® OjLJ j-# ^ yl oJLJfc ^v* <b ail) j) yi Jsl^Jj yyv j 

4-~b (GnRH) — »' 0 j — *y y U ^ L) jjyy^Li' aij . (GnRH) — ■ Oy* y> Aiyjxii 

caUy* y j. cai d *p ^5 ® Aj^^jISv — £, y c-*b t-* jp* ji 

j (Orruthine decarboxylase) — i» kLiJ y -iy yyyLii jt Je*-j juij 

3_ jy y^a)’ 1 $a*ii ^1 p i ®-i*i yUii >JJk yw ^Lali ibaiji 

.— ji j*_jy^ ( < J Lp OjW eC t_.y- 1— I.g>* jV.ili A_jJLxji <LyL>«_J’ ^ j_Pjy_XJLt ,k L j i ojU^J 

7^— i»> y' y- y <i' yP.yjyd' klaJi l* siU yajiy Ornithine decarboxylase) 

- (GnRH) J jy> «,Us-l (LH) J ' j (FSH) J'j'yi Ja*a. i->U *i yuli j' 

: yJi Uyy j'y] aj'jvL* (f 

4 j— UO/ A^lpxjJf y* j >% d) 0 *.* ji . ^ 3 .,. t .i _ ^Lp ^y»yyL 1* ajd 

yy l* ^ii,i ^»»Jl jl *;: * 1 y y^ leub y.i y^ui! y* cyjS \ajLu 

jl L*r dA-iij J yy\-> \ • « : \ • «y-T y £• U*aj^ (somstostatin) 


* t 



: (i 

|jl_Jh gj>\J jj_*jl ouU^j frJj ^Jl aj j> oJLxil {^.sjj 

jt frbjt jl jh t J JL*> ^<a J&Cjj. aJL^IaII JLp j^LjuJI 

al j-*Sfl / (*— ^ ^ Or -4 ) (j * tUaPl OJjij 

• J 1 j*\ «-V * 

: U£)i J^S 3a£ 3 ^ <rt jib (0 

jl jJI ( !>L^ metyrapone — " 5k—i ^) o'—^' j Jj> jj£U -a Li-' Vi 


(ACTH) — j,>jy%i! jl^ Oh 0 -4 Ji jHi j • Jv v%i' 

. *wl^l wij jS s ^Ur' 




UsM 


Cell Growth Factors 

— IAjLj oJOJLP oU yll ^diu 11t? 

J^-U 0^ j f ^LLLtA) Ij^LLI W.-’.~ of — IA • j g*.Ll v_OL£ - l^j^c 

fj j>l L>Jkj- • y5”"f d-l*£. (DNA) -Jl j* 

jt il J*Lp JpU; 3-iJ* Cj-* • u^j* js^ s-r’'*-*-^ 

LLj^ 6 jJ L*>Ui-l kjJ jl ; o -bJLp J U »jIp #jL* j ) (mitogen) Ov ,j*r^ 
^L< <A> yo <— A^yill JS*’ (j* jIJLtt ^Ltf- ^y*> J ;*u»< 

-*— j (DNA) — ll a . A - 1 j3~r^" J" 1 — *'* #-}Lj Ji • y^y olyiaiA-l 

OLJ 5j^£a)I otfcb-yi j . ( mitosis JLiill *L~L'^I jf .k>uJl ) c£j_yJLl ^L-Jij^l 

: JLp Li-T 

o> jxJL* LA LljU j\xj* UUJ (scond massenger) j Jii coL oiy ( \ 

. (DNA) J! <jA«A- 1 Js^ As’uj ^JLp Lol>- 

<_£ yAAl *Loi)l ^ (hormone - reseptor complex) -U*> <Jyy J- . -*—* j* (T 
tiUi ,j-f- • (lysosomes) ol>y-*jjJ)l Jjl* i_JLjl-i J-^b *o>l — -«£ ^-L: 

• (DNA) -il Oc^-*" a-iu J Jl *jy a)L- j 

<— LLl yi %z~£ ^5lj J*-" ozMyJk J—^’j 

— Oi — j-^ 0 j-» yj — (somatomedins) c-»L.ju- yl> y-Jlj — jJ jt-^Y 
j-> iAt\jL* LJli of y * jM jJLL* Jl <jlo^b-u- y j. (erthropoietin) *jy yn^v j^' 
. (Cell growth - stimulating activities) LLU y*J Ua,u( o»b juJI oIjuju> 



<JULl jt Jj-gM j e-kiij 


Crowth (actor 

Chemistry 

Molecular weight 

Origins 

Targets 

Insulin 

Peptide. 2 chains 

6.000 (monomer) 
12.000 (dimer) 

P cell (pancreas), brain 

Hepatocyte. adipocyte, 
muscle cells, many 
others 

Insulin-like 
growth fac- 
tors (IGF-I 
and somato- 

Polypeptide homol- 
ogy with insulin; 

■ diverged from 
common ancester 

7500 

Hepatocyte, kidney 
cells, intestinal 
cells!?), stimulated by 
GH 

Same as sources *■ 
bone (sulfation fac- 
tor) 

medins, ceil 

multiplication 

lactorsl 

Nerve growth 
(actor (NGF) 

3 chain peptide, a 
subunit (26.000), 
p subunit 
(13.250), y sub- 
unit (-28,000); 
has Arg es- 
teropeptidase ac- 
tivity 

130,000 3$ cm- $2 

^2 

Submaxillary gland 

Stimulates DNA syn- 
thesis nl ganglia as 
ncurubiast dn ision 
nears conclusion 

Epidermal 
growth factor 

Peptide 

6000 

Submaxillary giand, 
urogastrone in urine 

Many celts 

(ECF) 

Growth hor- 

Peptide 

21,500 (human) 

Anterior pituitary 

Hepatocyte 

mone (GH) 

Platelet-derived 
growth factor 
(PDGF) 

Peptide. 2 chains, 
M.000 and 

17,000 

30,000-35,000 

Piatelet a granules and 
blood from this 

source 

Fibroblasts, arterial 
smooth muscle cells 

Transforming 
growth factor 
(TCFs) 

Teplides 

6,000-25.000 

In neoplastic normal 
cells which synthe- 
size them; ''auto- 
crine'' hormones; P 
TGF from human 
platelets (also human 
placenta ami bovine 
kidney) 

May interact in some 
way with EGF recep- 
tor and these factors 
may be related to sir 
gene product 

Glial growth 
factor (CCF) 

Peptide 

31,000 

Anterior and posterior 
pituitary and other 
parts of brain 

Schwann cells (astro- 
cytes, rat muscle fi- 
broblasts) 





4 _-%yJr' j (chemistry) J_a\ yll c_La iiA.a.^ J y_JO ijp J 5 U-j jlSJ * 

jJLi L'^l Ids ' j (origens) L^ L$;LiJ (Molecular weight) 

* >'n a->*jL« <ij\yS' j > jliJI o>i Jj-xp iiJLi-i <j J-*! yli a~i> JS - " j . (Targets) 

. \ j LAj IfJLiiA 5_aj y»^j LgJLLp \ jl^aai 5 j*.~.*~a z yjL-i j . jj \JLm- 

: Types of Hormonal Communication yU JUaJ^l f 1 y f 

Endocrine hormone j' >V' *=A*yy ( \ 

Paracrine hormones j' yNi yyk (T 

Autocrine hormones ji y^i oUyyk (r 

(3 "X Ij^Lp a/*? .*1 ^ Ip^iy^ f *,0i • aj-l.i a ti l O'U ^i>\ ^ ap JiCj 

^ilj L$i*ii iiJ j i .- U 3_ijl-X JLp y yl iky <iL«^ J jj9 JLp JJLJ j*j* y Oi*> ty 

( LJrl ji ob ) a_Jli)i a_p « oLJ y yo L-»l . L_^j a-^Ip . a t . - <» ^Jp ^ y»- 

l jlli <j O' Oy Li \syd-\ JLp y yJ yail J\ _ bkjl yl Juu _ Jauii 

L.MiJ-1 i sJ» ^ jl yV' ob) idUll iPyJ^I oL y y y>j . f oJt jLJ Ji 

. i-Jy >1 r L_i^l *i_* y, j^-i y- yiljwaJbU y J>lP£i -J, . Ujiyy c^U 

c. 

j jy Insulin - like growth factors (IGFs) o^ y-^ ^Lili yOl Jal yi 

j oUy yi s_pyji y-a» £-i; wli-L y> (hepatocytes) oL.*^ y ^yp yyj j-5sii 

W^p- ^JLp j jp 0?jj—< bfr^LJji yJl jby j Lyi L*y jl j 

. JU^ljJi jl jty\ w»Lj y yk ip y-^ - d-P- ^y- UaJ yO 



iJ£-\ ji J j>\^ jJl 


• Epidermal Growth Factor (EGF) 3 jJUi ^ J^ip (> 

• 1 O C)jJ jX JL j-LP Oi j aI-.-JI . - ^ 1-La j^5o 

> J * l-L — f j jLili (EGF) -ii l£j* r ^ OT jl ^InT ^jL L*J *w? J 

. (disulfide linkages) •v i>I >Sol 


,JS£^ 

>SM^ 


^r^RK 


f ^jgRj"«orsE»»i 


JO 


;€■££ 

inis, 20' ' 

U ._£ ! 

CLU _ 


CJSER 

- 

vt-T (GU : 

Jm,s 


>'vW_V 


/lUEiGi.'U 




NO 0 


l£U, ~ . 

'-‘* V <SERnYll’)' 


^S£R 


IHR 

SO 


s* 


APG, ^ _ 


50 ~ ~ 


, - TmB , 1 
* - jtfK~'' 

ASPh- 


40 


(ji— ^ 4 -JLj Jauljj <j^Aj £ 4^-Hi L^l o-il) (EGF) -ii 0 y^J 

- *w>^ J 1 (sulfhydrvl) Ji ,y* -ji.i l j 

4j 1 ■■- J j . i) jX i l -L_i X^iOsJl 4_j Lj J&J ^jJLij 

u ~Ju 0 j-^l -tij jt-ili j (EGF) — i' £-* (human urogasirone) 

^r°^' JT J £&> jj~* <Ji Wj • 

. L-f^i ajUJI (^x. 5j jlil jliil (EGF) -i' j (human urogasirone) 



10 


Asn 

Set 

Tyr 

Pro 

Gly 

Cys 

Pro 

Ser 

Ser 

Tyr 

Asp 

Gly 

Asn 

Ser 

Asp 

Ser 

Glu 

Cys 

Pro 

Leu 

Ser 

His 

Asp 

Gly 








20 





Tyr 

Cys 

Leu 

Asn 

Gly 

1 Gly 

Val 

Cys 

Met 

His I 

lie 

Glu 

Tyr 

Cys 

Leu 

His 

Asp 

| Cly 

Val 

Cys 

Met 

Tyr 

lie 

Glu 


30 


Ser 

Leu 

Asp 

Ser 

Tit 

Thr 

Cys 

Asn Cys 

Val 

lie 

Ala 

Leu 

Asp 

Lys 

Tyr 

Ala 

Cys 

Asn Cys 

Val 

Val 



Cly 

Sly 


40 


Tyr 

1 Se *| 

Gly 

Asp 

Arg 

Cys 

Gin 

Thr 

Arg 

Asp 

Leu 

Arg 

Tyr 

Lid 

Gly 

Glu 

Arg 

Cys 

Gin 

Tyr 

Arg 

Asp 

Leu 

Lys 


SO 


Trp Trp Glu Leu Arg EGF (mouse) 

Trp Trp Glu Leu Arg - — - UROGASTRONE 


y 7.V O y~ Jj AiLiJ J y*-j Jx^jl 1-i* y* 

Li I Lli) JjyjSj , j >— ^ T-'iM 

• Cvjj^ jj*^ ^ OVi (EGF) 

J_iCj Vi*.. £.L> JLp y-~j~ 0 jj oii jUii j (EGF) <y ' a jy~* **>■ jij 

0 l~T ) L a Jui i i (EGF) -i' ^ • (EGF) -1' ijj-a3' 

\y~ij? r w i~^) (EGF) — i' uyjj?— ^ O * £ 0 ! ^>"* r 

f ^L*L*) ('w*L>r^ 4 4 J_?- O >■ 4-tjS* <3 La .* ^1) jjyi <*«Ljj . (Y ^jY 1 • 


(arginine esteropeptidase) 3' ->UJ j nerve growth factor (NGF) 

l * j .>1^-' ^Ljj 4_>- U J^iUaL* Jjp i. * j i ' Vi 

(mEGF) jtiii (EGF) -3' y jj_J> «-]U- Sjj-aSI j^-ai ,^L U-i jy^-> j 


T.YV 


Xv'iBmdingx);] 

^Binding;:::::;! 

X;X Protein Xxj 

xXProtem : 















: Nerve Growth Factor (NGF) y-awll (t 

. — Ljlj — \ — flif) a, p and y »«z~>Ut y* Oj^i 

Cijj ob j . L-jt y*> li .S.;tl ^5" jjl 0 L^J^sj ( P ) Uj oJL >-j C-»*l5l 

o jj-aM »J> Jb- ik-iJ 0 ^Svjj (Dimer) L&.y*- ^ ,Jp ^yj • \ Y'jY a . ^.y^ 

L_ij T "Ij* • • Jl (Ltkr) «JL>- ^ii ^ij^Jrt Oj_pt ^iJLj • ( Lbrj tail ) i—jbp 

Ja-jaiLj v_3ye Nj (arginine esteropeptidase) J' ^>1 -kbL 
0>-rf ^ . Y " jO . . ^i) 1 — f jj £-L> (Lit) 

Jal. .»■> (^l (Lilt) a aU_7- JL1 4_jt ^ . */.A • Jt _4^" (L*br) j (Lilt) 1 _jC...^T' ^it 

(j-* ( > r ♦ j • • • ) JLlt 0 j^l *^>b • j^aJ' 0 _y^o‘j . (catalytic activity) (/>«- 

La j^-aj (a, P and y ) olJ-?-j o-^- <^->*>Lj ■jyy*' y* ^ J^tp 

: JUl jCUl J LkJwi 




Platelet-Drived Growth Factor (PDGF)*j>*»d1 ja Js-lll j*Jl 

jjj . <L> ij\ jJ-\ C-»l <3 *— (3 l«tA iljLiu 

Ojj3\ £j\j-tj .(atherosclerosis) 0±\ j-^ v *— <) l-i> ii jLij 

<3 * ■* > j6-^ JuL-JL*- ^ j£ 7 , r o j • • • j 

Ja-jljji he - SjIaM j 3 - ^wl l . JLJI jjJtA hjjij , Wj • • • j \ t j • • • 

, 4-j Lj 

Insulin - like Growth Factor (IGF-1 , IGF-II) ji j*J< J 

^_U ol-Aj-if' {j* 5l?lp (IGFs) Oi^ j£- 0 ^SviT 
(Somatomedins) Jb J^LJjI ^*11 siilil j . Y 0 • • 02 L* j jt 

aJL'Ip o-v- £_SJ Lt^ L$j( j-L-jj (cell multiplication factors ) u U y - j 

(somatomedin C) -J'j (IGF.I)J* JJhf c—J JJb: j j 

J— Jt O' hj- C>h*At»*b \.c\‘..^m 1 ~ j a^l ^ *— 

jJLJj Vy j (IGF-n ) -}' j (IGF-I) J' Ua oli JS t> jU y (IGFs) jd 

£)( L*5” f . _ jjJ £» Lg .;. ^ 3 ^jij _ -L^Jl 

klih l^., ia :i < ; *•«« b^b*-l ^Jl£ j d)^i b ^ j 

"/. £ © . k£}j& ^1p aJUJUtil ^til jJLL" 

Jj-Ai U. lie Oii^V 1 J OGF-n ) jl J (IGF-I) J JA J& 5 J j£±\ Cr* 

4jJ Cx~ O' 0 J x-ty J (IGFs) ^ y j* j'-^k ^V l Ji 

. (IGF-I) J J-Ui 5^^' Jbll J^JI 




Leu Asp Cys Set Arg Phe Cys Cys " Glu Asp Val lie Gly Thr Gin Pro 

:"§e^Gl ^Tyr Gly Thr Pro Lys Asn Pbe Tyr Phe 


Ala Arg Arg Set Ser‘ 


Gly Arg Asp Gly Cys Val Phe Gin Leu Ala Asp Val Leu Glu Ala Gly 
't^eu^Tl 


Cys 


Thr Glu Pro Gly 


j ^Vll l-XS l jy Aj L tlli (^JL» L a2jf y^-ijl 

Jl ^ 5 ^1 ^ iJ ySoJl j j . insulin - proinsulin J' isy*- 

• (B) y (A) S L . 1 .. J 1 J 

(IGF-I) — )l i. , f y (jv-j y ^ ^ iijut-l oLl jjji i ~ _ j h-Jj jl 

(* <->- (somatomedin A) — J' V^’j -Uij (somatomedin C) J' j 

. jj V-^(l £»llJ XX£ 

: Transforming Growth Factor (TGF) J^* >aJl Jj»U (O 

a, ; :.,.U x^Xj-Lp i j-* aJs- 1 >- a_ 1 jIp LfJi & (TGFs) 4 — ^xJl y*l »x* 

J J-?r y _/*" 4 — "ib — 4 --.X -b>- ^Aj . T • • • ! *1 • • • l> 

<j dJJj Lj— S ' j j (disulfide bridges) Vi 'Sj'-r 

^JVj y*l J^aj' iwL—J- ( J-*1 V*iJJ^^ V^* 

l-ilf ) (^1 j XlM y*l ■*— Aj j . ^ 1 * V>j y*l ^*Jl dib ^Lp -1 .!> js^ll 

y d-LU UfjrV^Jj (EGF) « ^ y*'^ t* y^UzJ! ,yp I4J ^xii l*J (*v j 

jj-S' y^s— i-j (TGFs) L$l»LiJ jjlfli 

<J ^l JUxxb JL — I«Jl 2j.il *il (J j jail ija— l ^ l j. 



^ jj Ji jt u^i £f*j • (acid ethanol) 

jatu 4jLus j . 4-L H J^p *p S arcoma growth factor (SGF) -iV» 


j * ill a \ ^P . (EGF) # y«j l Ip 1 .^ 4^* 

. IajjPj S v .4-1 UjJLjdl 

• Fibroblast Growth Factor (FGF) aJjSM <JiJdl <Li^ J^lfr (^ 

4jJ j £_L-jj . aJLa)1j £_li ! jjk * •& '.~ j <JjP -La) 

4a1z>cJl1 «j 1 ^lpj -» - ^il jJj t ~ ^ > 1 1 ^Jbj , \ Oj, j t • 


l»l*)1 1JL* ■ j ■•- -* <>..)> 


jJijAj Jl 


: Glial Growth Factor (GGF) csr* 8 *^ *1 ^ (V 


OjJ £_Lj 0J_i)1j rf Li JjrrjJ Ojl ^jLLa JjUP 


i*i— jty oLpljj j Schwann J ' ^ fl — *j\ {jk . T\j> • • 

(astrocytes) *-*^3 L^UJ-lj iijjj- ji ^ iaD i.l „:-j«)i 4j*w-jS/) kulpijj j aJjY> *^aJl)' 


a_j^p- l_ytA>- SjL-p f^L_*iJL) aUa-J^ ojLLI j 5j jL> >^} 1 . oilil Jj op ^ jr_*ll 

i-PjV' ~k— ^Ip opIp iy-£ «-» Jb'ljj o-b (star - shaped cells) j£-Ji 

,3: xJli ^»d1 ^UIp ^jAa; ■ LaLaA t -L^*_} • 0^1 ^bbJi j> 2LLJ j , <y ^-dl 

t^->ljr ^/1 ij^ ) ■ ■ *L;~; ■ d >»^»’1Jy-LP O-L^b aJjLp Ql*»I; ■ k -j*- (PDGF) 5 j ^ 4 -dl ■— *1 *»)' "jA 

. IJla {^.y* (j £)bJ -Li-Lsni 

: y*J\ ^y- Ja*i (A 

: Erythropoietin Cp&jJjf- 0 
-ij (anemia) W*r : ^/d o'w>)(! oNL^- j 5_i^)i j j_i£ jl-ij -LjOp 

c . . «.' j— - i-' Ai^aJl yV^J) ^A-k)1 ( r-uJ'^i (_> . (hypoxia) i"S l; 



*-^ J-r* (stem cells) <-*}sM ^J^UaJ ^ a-b_LP o>i Jji 4-j' IJU 

Ij!>UU a_J (pro - erythrocytes) «l h j^-dlLtAiU ^TAJoJ .ylfJl t^jyJ.1 

< y-o « jLj=- j^j • (hemoglobin - synthesized cells) Oa SiL^ii 

Ol ■■ cS *-3^^ ® £-Ljj <j j J CfS-jjji 

• < 33 ^ 3 ^ 3 *^? ■ ^ °j' * * 






: Estromedins (Y 

. -^l o — *- j 0 j£sj cjIjojp ^pj 

Estrogen-responsive turner cells fl jjty U>U- y J^L*M li> Vij 

j V« j'*< I "\ * j • ' si Oy ^ **— 1 ^ Ij Js'l 

Mammary growth factor yg Jj\p (T 

Phosphoethanolamine Oy*^ j* sJ^j J^Ull 'O a v®^’ f -til 

. ethanolamine Jy^ j^X; 

oli y* jP* y~ y "jv 0-iijS l-i> Jisx- yj 

j( jj_p (hormone dependent mammary turner like ) v/- 1 -^' ^ jj' 

• O'in iijytA jvp 

Oil? j— Jl OL?-j Jjst ^ 

Growth Factors and Oncogenes 

4— Oj j-JaJ J_i)j oL -'. ; > -' L-^Jb Oncogenes 01 1 j ^*7 

ojLjP U_* (Oncogene) OU^— 01 Oi— ^ ^ ^ 01 jl*- j L«_llp Ol0»^~0l SiCii 4 --Jj01 
^j1 y > r -» -.<* * j . ^J^Ljdl IJLa jf i__JL>4 ^ l- 4 ! 4j" 

10^-0 . Lj-* ^L-JLi^fl jf ^jJl ^1 p 4.«.0all LjJjJLai 3JbJ-i JJLi Ol^^-Ol oL» 

^L*; 4_L>L7j1 £_j» -^— a- ~ A) 4_j^i yLs> j£ ( J^Ld Oli* ^—01 (jy**’ 015"” j ( j^»j 

(J 1 — 1^*1 S^-ip ^ip jl <00-1 . 4j 

1— *-00-1 ^1— — jl .0 ^ .Ip o j *,\ - « <A^aj J«<*— 5* 4jo U 

^ .;Jfl ■ > ^ Ip 4j*Jail L^_l 4-i>4 JLaA i lOj J , y£ o ^*lp lij jJti- OrL^- 

. \Jpiy Oj-i Lfi ol.l^p 


■\rr 



\j (Oncogenes) js-& £y-~^ ^ >*! f 

0 (autocrine) j' yV' jiJ* ^ (Oncogenes) -1' jyk Cij& of J*j^i 0 

^lp 4 ,LaI»«.J>. ,^LP aJ3j V i ftjJli ji ^L*lp ^^p 5^Lp oti? 

JaJ) U^, 0 JL^-I jl 4^ ^ j.ul' Oj J la)I <J ®j^iil 4-iji-i 

: j£-sJl 




s>jk 'J'^ ^ l, j'*V i -jj 


( Y 


(Preceptor alteration) 






) 4j j‘ aJL-j J.;i:.»M ojwli j*£~t Ot v ^joLi vlJliil L*l (T 

. o»l» y j* J> if <l»Uj j\ ij\ J,^ Oji (GTP -U ‘Uiil Ovjj^' 

. jui j$Lsj» ^ ^ ir 





<3 . JLJI JjoJri j (Oncogenes) 0 U»^-J! ^>1^- Lr a^Ju j&.j 

(Vital Oncogene) jL»_ r Jl l y^ r J^p jJ-<ail(Retrovinis) aJUI* 

OU*j — Jl J>U l* aii (Turner) fcllill fcUU j U . 5^ 

J_>I^p Lfrr — j V'^-' J V°^' cbj^’ (Oncogenic protein) ***> ^ j Ljj 

fl* a- Hunter) ^ Hi Jj aJ-l l_u ^ 

Sa. Am. 251,70-79 j jjJlA\j (The Proteins of Oncogenes) 0 ^*1' a)LL. j > ^ a t 


Name ol 


oncogene 

Rero virus 

Tumor 

iff 

Chicken sarcoma 



Clucken sarcoma 

— 

Hr 

Cal sarcoma 

— 

cN 

Mouse leukemia 

1 lunin leukemia 

/;* 

Chicken sarcoma 

— 

/« 

Cat sarcoma 



ret 

Chicken sarcoma 

— 

erb - 1 

Chicken leukemia 

— 


fms 

Cat sarcoma 

— 

mi ( 

Chicken carcinoma 


rof 

Mouse sarcoma 

— 

r*as 

Mouse sarcoma 

Mouse leukemia 

sis 

Monkey sarcoma 

— 

1 hvrdS 

Rat sarcoma 

Human carcinoma, rat 

carcinoma 

Kirfli 

Rat sarcoma 

Human carcinoma, 
leukemia and sar* 

coma 

N • >*»< 

— 

Human leukemia anJ 

carcinoma 

/.*s 

Mouse sarcoma 

— 

>HVC 

Chicken leukemia 

1 luman lymphoma 

thtfii 

Chicken leukemia 

Human leukemia 

R/vjm 

— 

Chicken lymphoma, 
human lymphoma 

<kt 

Chicken sarcoma 



tit 

Turkey leukemia 



irb-K 

Chicken leukemia 

— 

if> 

Chicken leukemia 




Oncogenic protein 

Cetluljr location Function 


ri.isma mcmlK.inc 

Tla^ma membrane (7) 

(?) 


Plasma membrane 

Tyrosine-specific pro- 

Cytoplasm (plasma 

tein kinase 

membrane?) 

Cytoplasm (cytoskeleton?) 
(’) 


Plasma and cytoplasmic 

EGF receptors 

membranes 

cytoplasmic 
tyrosine-specific 
pi olein- kinase do- 
main 

Plasma and cytoplasmic 

Cytoplasmic domain 

membranes 

of a growth-factor 
receptor (?) 

Cytoplasm 

<*> 

Cytoplasm 

<n 

Cytoplasm 

C) 

S^rreteu 

POCM.ke growth fac- 
tor 

Plasma membrane 

Plasma membrane 



C1P binding 

Plasma membrane 


Nucleus 

tj) 

Nucleus 

Of (A binding 

Nucleus 

(?) 

Nucleus (’) 

<’> 

Nucleus (?) 

(?) 

C) 

<’) 

n 

(’) 

n 

(’> 



Class l (cytoplasmic 
tyrosine protein 
kineses) 


Class l-related (j>oten 
tial protein kinases) 


Class 7 growth (ac- 
tors) 


Class 3 (r>to;»i,*s*nK 
GTP binding 


Class 4 (nuclear) 


Unclassified 





(Gamones) Ijy ji i 

^ ■ t *1 - || '>-^ * -^ -i _^*J. vl— j ^ j_Jt — Ai|-l3-l djL»tjUjt ■ ~ *-^ JLol 

^Llil ^JlP « jJL_lll j_dl Ol A^2 j ^J t 0^ - ij jLii^Ul aj ll vI^UI ^-3-1 ^iuw 

JjS/l Oi*^ 1 ^* <y* (Gamones) oU j^Urb c—* - aJ y ^ 'ja&dl <ya**^ ^ 

it j_Lt . (Ho rmone) j-* (mone) ^'LJl j (Gametes) j-* (Ga) 

J jAt Vl>*tj jA jl* If - / J^l , \>~ Q. « t^3 ^1 . «^>lJdU>*l3>l JO Ijjt Af jA 

C..;C* Ntj l_Ajt l_fij A .. It jiff* ^?lj*.>Jl If^S" jJ AJ jitA«l t^l.<1» j^-£_ -»-i* Aj J Jallt 

C^Ut ^ll vlJUj y£- W-Lia_> ^JtlfTMJlJ ^il it jil jv j . A-it-^tJrt ob‘ ja jk l» 

. ( Androgamones) -lb jj ( Gynogamones) -lb j o-* - <t 
^1 j_*t j^-Lp (Gynacology) 3 — *^ j-* (Gvno) ^klLti Jjty ^Jaiil <3 Ole")/' 
. (Androgens i^ill V~* r jj JLi ^' (*— l ^ J ---** (Andro) ^JalU b.f C L-Jt 

0<t— Jaj ^Jl t Ot^jt t ^ ‘.a l Aj»j jt w>U 0^ OU-tjjJl Jl fllj 

; ',*■■> LfjljjjU j Lf-Lj jj , 5j ^ ill out ^«>-l ^qauzS ob^^» 

: ( Gynogamones) oLiu jJ\ lp*iJ o^b ^U- 1 

• f j ^ jilt o' t Ail xLuj Gynogamone I J' ( N 

IopL~» ju*J lii U-jJ ^ jw^fl ^ia— J*«. j o jJu Gynogamone II -it (T 

. lf>t_^>-[ -jA a^jC CJ ji A^aLf^Jb iJL*al)t ^Lp 

: ( Androgamones) ylt o»Ut jJ^t b>Urt 

aJ_^JlIj SijOail SiUai] tj-j y a 5” ^>- JaLfi Ail JULaj j Andrn gam on I Jl ( N 

. >— ->l— a>-^l aJLp ^ I4JI OrL*-t 

Oljj^l aJ>- Jlj^-I Ajaj ^Jl Aj-^p( Aab^ J^ju Andrn gamo n II -M (T 

• *^i J>-b 








oU ja jil frUr'V 3 pastil ^Jl 

Abriviations of hormones name 


jt 5 j~^~ * -/dl .s-L- « . i l ^ Ip (jj ^_?rl ■ . \ L— * 

(3^ lJU \ «;.~i aJu ^*idl {.Lff"^fl Odj ^ll jl 0>U jlkh ^j/3%; p Lc 1 ! t3 

. 4ajL>^J| *JLj\j\ j*_aT ,J- : UJ 


ACTH 

Adrenocorticotrophic hormone . 

ADH 

Antiduritic hormone . 

ANF 

Atrial Natriuretic Factor . 

ATP 

Adenosine triphosphate . 

ADP 

Adenosine diphosphate . 

AMP 

Adenosine monophosphate . 

cAMP 

cyclic Adenosine monophosphate . 

AVP 

Arg - Vasopressin . 

CCK 

Cholecystokinin . 

CRF 

Corticotropic releasing factor . 

CT 

Thyroid / parathyroid Calcitonin . 

DHEA 

Dehydroepiandrosterone . 

DOC 

1 1 -Deoxycorticosterone . 

DPN 

Diphosphopyridine nucleotide or ( NAD) 

EGF 

Epidermal growth factor . 

EP 

Epinephrine . 

FGF 

Fibroblast growth factor . 

FSH 

Follicle - Stimulating Hormone . 



GABA 

GH 

*^»« 

GLI 

GRH 

GRF 

GTP 

GDP 

GMP 


hCG 

hPL 

IGF 

LATS 

LH 

LPH 

LT 

LTA4 

LTAS 

LTB 

LTC 

LTC 5 

MIF 

MRF 

MSH 

NAD 

NADP 


Gamma aminobutyric acid . 

Growth Hormone, Somatomammotropin, Somatoropin. 
Gastric Inhibitory Polypeptide . 

Enlioglucagon . 

Gonadotropin Releasing Hormone . 

Growth hormone relreasing factor . 

Guanosine triphosphate 
Guanosine diphosphate 
Guanosine monophosphate 

Human chorionic gonadotropin . 

Human placental lactogen . 

Insulin - like growth factor . 

Long - acting thyroid stimulator . 

Luteinizing hormone . 

Lipotropin hormone . 

Leukotrienes . 

Leukotriene A4. 

Leukotriene AS 
Leukotrienes B . 

Leukotriene C 
leukotriene C5 . 

Melanotropin release inhibiting factor . 

Melanotropin inhibiting factor . 

Melanocyte - stimulating hormone . 

Nicotinamide - adenine dinucleotid . 

Nicotinamide - adenine dinucleotid phosphate . 



NADPH 

Reduced Nicotinamide- adenine dinucleotid phosphate 

NGF 

Nerve growth factor . 

NEP 

Norepinephrine (Noradrinaline) . 

OAF 

Osteoclast - activating factor . 

PGEi 

Prostaglandin Ei 

PGEs 

Prostaglandin Ei 

PGFi 

Prostaglandin Fi 

PGF2 

Prostaglandin F2 

PGM 

Prostaglandin A2 

PG k 

Prostacyclin . 

PP 

Pancreatic polypeptide . 

PRL 

Prolactin . 

PRH 

Prolactin - releasing hormone . 

PTH 

Parathyroid hormone . 

SP 

Substance P . 

t 3 

Triiodothyronine. 

T 4 

Tetraiodothyronine (Thyroxine) 

THF 

Thymic Hormonal Factor . 

TSH 

Thyroid Stimulating Hormone 

TRH 

Thyrotropic Releasing Hormone . 

TXBa 

Thromboxane B2 . 

TXAa 

Thromboxane A2 . 

VIP 

Vasointestinal peptide . 



Li*J I oIjUaJI OLjji iji. 

a-uaSM j* Aihiil Oli y jk\ : *5ljf 

Amino acid - drived hormones : 


)yjil (*-*l 


AJl jJU 

Adrenals 

Epinephrine (EP) {adren- 

Adrenal medulla 

Glycogenolysis in liver; in- 

aline) 

(CNS) 

creases blood pressure 

Intestine 

Histamine 

Gut, CNS, mast cells. 

Gastric secretion; may affect 


rr.any tissues 

CNS 

Bursa of Fabririus (chickens) 

Bursin 

Bursa of Fabricius 

A tnpeptide inducing differ- 
entiation of avian and 
mammalian B-precursor 
cells 

Nervous system 

(Acetylcholine) 

Neurons 

Variety of activities in ner- 
vous system; innervates 
adrenal medulla 

Dopamine (also believed 

CNS 

Inhibits PRL release (and 

to be P1F) 


other actions) 

y-Aminobutync acid 

CNS 

Neurotransmitter; inhibits re- 

(GABA) 


lease of CRF and, PRL 

Norepinephrine (NEP) 

CNS neurons 

Neurotransmitter; increases 

(noradrenaline) 


blood pressure 

Serotonin 

CNS neurons, gut 

Affects smooth muscles 
nerves; stimulates release 
of GH, TSH, ACTH (CRF), 
and inhibits LH release 

Pineal gland 

Acetylserotonin 


Afreets GH release from 
anterior pituitary 

Melatonin 


Inhibits GH release from an- 
terior pituitary; affects re- 
productive functions 

Octopamine 


Inhibition of monoamine 
oxidase 

Thyroid/parathyroid gland 

Thyroxine (T 4 ) and tri- 

Thyroid gland 

Increases oxidation rates in 

lodothyrone (T 3 ) 


tissues 





Fatty acid (arachidonic acid) - drived hormones : 


Oyyll jh-I 

«yu>* 

4Jt jJtl 

Blood 

Prostacyclin (PGIt) 

Vascular endothelium, 

Prevents aggregation of 


blood 

platelets 

Thromboxane B 2 (TXBj) 

Platelets 

Metabolite of TXA 2 

Lung 

Leukotrienes (LT) 


Long-acting bronchoconstnc- 
tor 

Leukotriene A 5 (LTA 5 ) 


Long-acting bronchocons trie- 
tor 

Leukotnene C (LTC) 


Long-acting bronchoconstric- 
tor 

Leukotriene A 4 (LTCj 


Long-acting bronchoconstric- 
tor 

Leukotriene C 5 (LTC 5 ) 


Long-acting bronchoconstric- 
tor 

Leukotriene B (LTB) 


Long-acting bronchoconstric- 
tor 

Thromboxane A 2 (TXA 2 ) 

Platelets, lung, etc. 

Causes platelet aggregation 

Prostaglandins 

Prostaglandin E ( + E 2 

Wide variety of cells 

Stimulates cyclic AMP 

(PGE t or PGEt) 

Prostaglandin F la + F 2a 

Wide variety of cells 

Active in dissolution of cor- 

(PGF la or PGF 2u ) 


pus luteum; ovulation + 
parturition contractions 

Prostaglandin A 2 (PGA 2 ) 

Kidney 

Hypotensive effect 


Autoimmune antibodies acting like unregulated hormones -3 1 OUy jft : tell? 


Autoimmune antiinsulin Human 

Produces diabetes-like syn- 


drome 

Long-acting thyroid stim- Human 

Stimulates thyroid-like TSH, 

ulator (LATS) 

but is not regulated by 
thyroid hormone 


Mi 




: Polypeptides hormones JL=Jl SOjOa : U*tj 

O Oj.S ./ii< 


Adrenals 

Met-enkephalin + Leu- 
enkephalin 
Blood 

Angiotensin II 


Bradykmin 

Osteoclast-activating fac- 
tor (OAF) 

Platelet growth factor 
Heart 

Atrial natriuretic factor 
(ANF; also known as 

atriopeptin) 

Hypothalamus hormones 
Arg-vasotocin 

Corticotropic-releasing 
factor (CRF) 

Gonadotropic-releasing 
hormone (GRH) 


Growth hormone release 
inhibiting hormone 
(somatostatin) 

Growth hormone releas- 
ing factor (GRF) 

Melanotropm release in- 
hibiting factor (MIF) 

Melanotropm releasing 
factor (MRF) 


Adrenal medulla and 
CNS cells 

Blood, lungs, brain, 
many hssues 


Plasma, gut, other 
tissues 

Human leukocytes 

Platelets 

Atna 


Hypothalamus and 
pineal gland 

Hypothalamus 

Hypothalamus, dis- 
tributed m CNS, 
milk; gonadal cells 
containing GRH re- 
ceptors 

Hypothalamus, extra- 
hypothalamic brain, 
spinal cord, pan- 
creas, stomach, and 
intesnne 


Analgesic actions in CNS; 
other unknown effects 

Zona glomcrulosa cells of adre- 
nal cortex to stimulate syn- 
thesis + release of 
aldosterone 

Vasodilator; lowers blood 
pressure 

Stimulates bone resorption in 
vitro 

Similar to FGF 

Blood pressure lowering; 
stimulates renal sodium 

excretion; increases GFR 
and urine volume 

Regulates reproductive 
glands 

Releases ACTH (3-en- 
dorphin in anterior pitui- 
tary 

Releases FSH and i.H in an- 
terior pituitary 


Inhibits release of GH and 
TSH in anterior pituitary, 
regulates pancreatic hor- 
mones 

Releases GH in anterior 
pituitary 

Prevents release of MSH in 
anterior pituitary; probably 
not in man 

Releases MSH in anterior 
pituitary; probably not in 
man 


Mo 






: Polypeptides hormones iJuJs- ottyyli : Uulj 


dyj*\ j*— ] 

6j.Ua* 

4J1 jj{ J 

Neurotensin 

Hypothalamus, intes- 

May have neurotransmitter 


hne (mucosa) 

actions, in pharmacological 
amounts, has several ef- 
fects on gut 

Prolactin releasing factor 


Releases PRL in anterior 

(PRH or TRH) 


pituitary 

Substance P (SP) 

Hypothalamus and 

Transmits pain and other 


C.NS, intestine 

functions; increases 
smooth muscle contrac- 
tions of G1 tract 

Thyrotropic releasing 

Hypothalamus, extra- 

Releases TSH and PRL in an- 

hormone (TRH) 

hypothalamic brain, 
spinal cord, and 
brain stem 

tenor pituitary 

Intestine 

Bombesin 

Nerves +■ endocrine 

Hypothermic hormone; in- 


cells of gut 

creases gastrin. + gastric 
acid secretion; many other 
actions 

Cholecystokinin (CCK) 


Stimulates gallbladder con- 

(pancreozymin) 


traction ■+■ bile flow, en- 
hances secretion of 
pancreatic enzymes 

Enterogiucagon (differ- 

Gut, L cells of ileum 

May have some role in 

ent from pancreatic 

and colon, brain 

glucose homeostasis 

glucagon) (CL1, 
glucagon-like immu- 
noreachviry) 

Gastnc inhibitory poly- 

Duodenum 

Inhibits gastnc add secre- 

peptide (GIP) 


bon; stimulates insuiin se- 
cretion when blood 
glucose level >25 mg/di 
above fasbng level 

Glicentin 


Glucagon-like activity 

Gastrin 

G ceils in midpyloric 

Increases secretion of gastnc 


glands, in stomach 

add + pepsin + many 


antrum 

other effects 

Secretin 

Duodenum when pH 

Stimulates pancreahc adnar 


of its contents is less 

cells to release bicarbonate 


than 4.5 

+ water which are trans- 
ported to duodenum to el- 
evate pH 





: Polypeptides hormones *uJf SOjOp 


byjtt 


Vasointestinal peptide 
(VIP) 


Kidney 

Erythropoietin 


Liver 

Somatomedins (IGF and 
1GF 2 = insulin-like 
growth factors) 

Lung 

Eosinophil chemotactic 

factor of anaphylaxis 
Other 

Colony-stimulating fac- 
tor; macrophage 
growth factor 

HLA antigen: 
somatomedin(s) (IGF 
and 1GF 2 = insulin- 
like growth factors) 
Ovanes 
Relaxin 


Pancreas 

Glucagor«> 

insulin 


Pancreatic polypeptide 

(PP) 




G1 tract, hypo- 
thalamus. + 
elsewhere 


Liver, muscle, kidney, 
+■ other tissue 


Lung mast cells 


Kidney, lung, spleen, 
pentoneai exudates 

Liver, muscle, kidney, 
+ other tissues 


Corpus luteum 


A cells 
B cells 


Pancreatic islets (pe- 
npheral cells of) 


Uljsltl 


Neurotransmitters in pe- 
ripheral autonomic ner- 
vous system; relaxes 
smooth muscles of circula- 
tion; increases secretion of 
water and electrolytes from 
pancreas and gut 

Acts on bone marrow to in- 
duce terminal differenna- 
hon + initiation of 
hemoglobin synthesis 

Cartilage sulfation; somatic 
cell growth, insulin-like ef- 
fect 

After release, selecnve chemo- 
attractants for eosinophils 

Stimulates conversion of 
white blood cell precursors 
to granulocytes and mono- 
nuclear phagocytes 
Cartilage sulfation; somatic 
cell growth; insulin-iike ef- 
fects 


increases during gestation 
(may inhibit myometnal 
' contractions) 

Glycogenolysis in liver, in- 
creases cyclic AMP 
Glucose utilization in liver; 
promotes synthesis of 
glycogen 

Has a number of effects on 
gut in pharmacological 
amounts 





: Polypeptides hormones -LsJl ojuap oU : Wl j £.U 


Oyjil 

oyUo* 


Promsulin 

Pituitary 

B cells 

Precursor to insulin 

Adrenocorticotrophic 

Adenohypophysis 

Stimulates synthesis and re- 

hormone (ACTH) 


lease of cortisol and de- 
hvdroepiandrosterone 
from adrenal cortex 

Arg-vasopressin (AVP or 

Posterior pituitary 

Increases water reabsorption 

ADH) 


m kidney 

0-Endorphin 

Purs intermedia and 
CNS cells 

Analgesic actions in CNS 

Fibroblast growth factor 


Stimulates proliferation of 

(FGF) 


ceils derived from endo- 
derm and mesoderm in 
presence of serum 

Follicle-stimulating hor- 

Adenohypophysis 

Stimulates development of 

mone (FSH) 


ovarian follicle and secre- 
tion of estrogen, stimulates 
seminal tubules and sper- 
matogenesis 

Growth hormone 

Adenohypophysis 

Somatic cell growth medi- 

(somatomammotropin 


ated by somatomedins, hv- 

or somatotropin) (GH) 


perglycemia, liver steroid 
metabolism, bone sulfation 
reactions 

Lipotropin (LPH) 

Adenohypophysis 

Fat mobilization; source of 
opioid peptides 

Luteinizing hormone 

Adenohypophysis 

Stimulates Leydig (in- 

(formerly "intersntiai 


terstitial) cell development 

cell regulating hor- 


in male + production of 

mone" in reference to 


testosterone; stimulates 

male) (LH) 


corpus luteum and its pro- 
duction of progesterone in 
female 

Melanocyte-stimulating 

Adenohypophysis 

CNS functions (e.g., in 

hormone (MSH) 

pars intermedia 

memory retention) and 
skin-darkening reaction 

Motiiin 

Duodenum (jejunum). 

Acts on GI tract to alter 


pineal, pituitary 

motility; stimulates con- 
traction of fundus +■ 
antrum + decreases gastric 
emptying 





: Polypeptides hormones : U»t j £[tf 


&yj&\ j*— ») 




4Jljy(j 


Ovanan growth factor Prolongs ovarian cell survival 

Oxytocin Posterior pituitary, hy- Lactating mammary gland. 



pothalamus 

milk letdown; uterine con- 
traction at parturition 

Prolactin (PRL) 

Adenohypophysis 

Synthesis of milk constitu- 
ents in mammary gland; 
stimulates testosterone 
production; secondary 
growth hormone effects in 
liver (e g., as hyper- 
glycemic agent); mammary 
giand secretory cell differ- 
entia non 

Thyroid-stimulating hor- 

Adenohypophysis 

Stimulates thyroid gland fol- 

mone (TSH) 


licles to secrete thyroid 
hormone 

Placenta 

Human chononic 


LH-like functions, maintains 

gonadotropin (hCG) 


progesterone productivity 
during pregnancy 

Human placental lac- 


Acts like PRL and like GH 

togen (hPL) 


because of large amount of 
hPL produced 

Salivary gland 


_ 

Epidermal growth factor 


Stimulates proliferation of 

(EGF), formerly 


cells of ectodermal and 

urogastrone 


mesodermal ongin with 



serum; inhibits gastnc se- 
cretion 

Skin 

Alytesian 

Amphibian skin 

Stimulates gastnc acid secre- 
tion 

Cerulein 

Frog skin 

Similar to CCK + gastnns 

Lstonn 

Amphibian skin 

Stimulates gastnc secretion 

Ranatenstn 

Amphibian skin 

Stimulates gastric secretion 

Submaxillary gland 

Nerve growth factor 


Differentiation and growth of 

(NGF) 


embryonic dorsal root 
ganglia 


: Polypeptides hormones .A-sJl 50*0* : U»lj 


H 

0 

1 

i 

1 

Testes 



Antimullerian hormone 

Fetal Sertoli cells of 

Mediates involution of the 


the testes 

mullenan ducts 

Inhibin 

Seminiferous tubule 

Negative feedback inhibitors 


(and ovary) 

of F5H secretion from an- 
terior pituitary 

Thvmus 



Thymic humoral factor 


Activates adenylate cyclase 

(THF) 


in thymus + spleen cells 

Thymopoietin J and 11, 


Stimulates phagocytes, stun- 

a-thymosin 


ulates differentiation of 



precursors into immune 
competent T cells 

Thyroid/parathyroid 



Calcitonin (CT) 

Parafollicular C cells of Lowers serum calcium 


thyroid gland 


Parathyroid hormone 

Parathyroid glands 

Stimulates bone resorption; 

(PTH) 


stimulates phosphate ex- 
cretion by the kidney 

Steroid Hormones 




Aj.i n 1 AjtjoU 

Adrenals 



Aldosterone and 11 -de- 

Zona gloinerutosa of 

Salt retention in kidney 

oxvcorticosterone 

(DOC) 

adrenal cortex 


Cortisol (hydrocortisone) 

Zona tasaculata and 

Antistress hormone, carbo- 

zona reticularis, of 

hydrate metabolism, cir- 


adrenal cortex 

culating glucose increased, 
liver glycogen increased, 
depresses immune system; 
antiinflammatory agent 

Dehydroepiandrosterone 

Zone reticularis of adre- Weak androgen; major secre- 

(DHEA) 

nal cortex 

tion of fetal adrenal cortex, 
can be converted to es- 
trogen, may have other 
unknown actions 

Brain 



Catecholestrogens 


Stimulates catecholamine re- 



ceotors in CNS 


*\o 






: Steroid Hormones oUyyll : £»tt 




4jf jftrtr 


Kidney 

1,25-Dihydroxyvitamin 
D 3 (1,25-dihydroxy- 
cholecalciferol) 


24R , 25- Dihyd rox y- 
vitamm 63 (24R,25-di- 
hydroxycholecalctferoi) 
Ovanes 

17p-Estradioi and estriol 
Progesterone 


Testes 

Dihydrotestosterone 


Testosterone 


Stimulates a Ca 2 '*' binding 
protein in variety of 
tissues, especially in intes- 
tine, and causes stimula- 
tion of Ca 2 * transport 
Has receptor in chondrocytes 
(also parathyroid gland) 

Uterine endometrium devel- 
opment, female tissues 
Breast development; uterine 
endometrium development 

Conversion product of tes- 
tosterone which binds to 
androgen receptor 
Spermatogenesis/ male char- 
acteristics 


Ovarian follicle (cor- 
pus luteum) 

Corpus luteum, pla- 
centa (ovarian folli- 
cle) 

Seminiferous tubule + 
other male tissues 
(e g., prostate) 
Leydig cells (in- 
terstitial cells of tes- 
tis) (adrenal) 


: Second messenger substances flLa jll sly : 


Arachidonic acid All cell membranes 

Ca 2 (and calmoduiin) All cells 


Cyclic AMP 
Cyclic GMP 

Diadenosinetetraphosphate 


Many cells 
Many cells 
Many cells 


Precursor of prostaglandins 
Required for secretory ac- 
tivity; enzyme regulator 
Protein phosphorylation 

Ligand of binder associated 
with DN'A polymerase a 



: Insect hormones : ' — »b=- 




UljJU 

Ecdysone (steroid) 

Juvenile hormone (JH) (hy- 
drocarbon terpenoid) 


Stimulates molting 

Controls molting 

: Plant hormones ; l-aU 


OjJUo* 

•cijsfb 

Auxins (indoleacetic acid) 

Giberellins (diterpenoid 
cells) 

All higher plants and 
some lower plants 

Widespread plant reg- 
ulators 

Stimulates extension growth 
and cell division in 
cambrium and foot 

Stimulates extension growth 


Kinins (N-subshtuted) 


Promotes cell division 








I 


JP\ — 

Amino Acid 

L< tjQ ^ j, LaJh 5>- Lull Ld/" ojU-j i j ^Jlil JJ^ill 

v_ - JL_» j . * ^ .sy'-*. ll U.t. Jl JLjJLP 0 y* tSj 9r <J} 4.lL»*Sfl £jbJ ■ 

: US' U» y>-f 5 j^C ij jf U» ^ 


^ r-! 

t»J> j>-\ <»^b Jj 

-L>-1 j i j f J 

Alanine 

Ala 

A 

Arginine 

Arg 

R 

Asparagine 

Asn 

N 

Aspartic acid 

Asp 

D 

Cysteine 

Cys 

C 

Glutamic acid 

Glu 

E 

Glutamine 

Gin 

Q 

Glycine 

Gly 

G 

Histidine 

His 

H 

Isoleucine 

lie 

I 

Leucine 

Leu 

L 

Lysine 

Lys 

K 

Methionine 

Met 

M 

Phenylalanine 

Phe 

F 

Proline 

Pro 

P 

Serine 

Ser 

S 

Threonine 

Thr 

T 

Tryptophan 

Trp 

W 

Tyrosine 

Tyr 

Y 

Valine 

Val 

V 






amino-acitic acid -1' (Glycine) Oi— J -la— jt J*1 j 


h 

H — d — COOH 

! 

H 

acetic acid 


H 

H-J 


—COOH 
NH, 

amino-acetic acid 
(glycine) 


i ^JLp cs-Llt amino propionic acid -it (alanine)^ 1 ^' ^/a^J-t *k 

til (P) L -~>j (a) Lilt Oj->jQ\ «ji oJli" lit (a) Dt 

• cr* t-*^ (P) t-ri « ji (^ryS/1 


H H 

1 | 

H H 

H H 

1— C C— COOH 

i j 

H— (! <!— COOH 

H — d ct— COOH 

H H 

1 ! 

H NH, 

! 1 

NH, H 

propionic acid 

af-ami no-prop ionic acid 

/)-amino-propionic acid 


(alanine) 

(/) alanine) 


1 j L>jr of (butyric acid) ^ya^JJ l ^£ aJ^ ii ^kit 

(a amino acid )» - oLJjjdt ^ - 0 Vr^Nl y ^ _y*-*lt .^L-j 

: JLi r Lli ^-T>ll lio/i 


H 

J 

R— C— COOH 

I 

NH, 


l ji ja— J J>j 0 L")/S /1 Ji (CH3) Oi— ‘ <j (H) R — 1 ' L— s- 

. aaL^ ^1 ajo j\j LL^-1 1-ApL^ ^yat-^*Sjt ^JS"" (_) (a) Lit 0 ^^it 

. 0 k'^ Jt jk L-1-Ij 0_^^* aJlp j 



: Aliphatic amino acids VUgfol *~»Sl 

: j( ,Ji ~Ai« j 

Monoamino - monocarboxylic acids i \~~f j> i-y-j «-V-j ^ 

: yL^&l Ij-Slyj V 1 ^' Ol* ^1 

Glycine (Gly) 

(amino-acetic acid) 
l( + )Alanine (Ala) 

(a-amino-propionic acid) 

L( - jSerinc (Ser) 

(a-amino-/?-hydroxy-propionic acid' 

L( -i- )Threonine (Thr ) 

(at -amino- /?-hvdroxy-buryric acid) 

l( + )VaIine (Val) ^'^CH -CH—COOH 

(a-amino-isovaleTic acid) * ; 

NH, 

l( - )I-cucine (Leu) ££J J ")CH— CH,— CH— COOH 

(a-amino-isocaproic acid) ’ ' I 

NH, 

L( + )Isoleucine (lie) ^^CH — CH—COOH 

(a-amino-/?-mcrhvlvalenc acid) ' | 

NH, 

Monoamino-dicarboxylic acids L ^Sy,jsS\ yU p^' j (T 

: \+ 7 S\Jj oL; 


CH,— COOH 

1 

NH, 

CH,— CH-COOH 

I 

NH, 

CH,— CH—COOH 

: i 

OH NH. 

CH,— CH— CH—COOH 
i ; 

OH NH, 


*\flO 




L( — ) Aspartic acid (Asp) 

COOH 

1 

CH, 

| 

and its 
amide 

CONH, 

dn, 

(a-amino-$uccinic acid; 

asparagine 


CH — NH, 

(Asp(NHj) 

CH— NH, 


1 

or 

1 


COOH 

Asn) 

COOH 

L( + )Giutamic acid (Glu) 

COOH 


CONH, 

(a-amino-glutaric acid) 

da, 

1 

and its 
amide 

1 

<iH, 

1 


CH, 

glutamine 

CH, 


1 

(Glu(NHj) 

1 


CH-NH, 

or 

CH-NH, 


I 

CO'OH 

Gin) 

COOH 


Diamino-monocarboxylic acids J t -5' y> cyS' yu? (r 

\ ^ S ' j Ole j 


L( + )Arginine (Arg) nh, 

(a-amino-<i-guanido-vaIenc acid) (f=NH 

X NH 


d H , 

c!h, 

<!h, 

(^H-NH, 

doow 


L( + )Lysine (Lys) 

(a, t-diamino-caproic acid) 


CH,— NH, 

cIh. 

I 

CH, 

c[h, 

I 

CH— NH, 

I 

dOQH 


Sulphur - containing amino acids c^pT ^ (i 

: Lf-Tlyj L#JLc-l JL» J-iJj 


L( - )Cysteine (a-amino-/f-thiol-propionic acid) (Cys) and L( — )Cystinc (dicystcinc) (CySSCy) 


CHr-SH 

t 

CH— NH, 

I 

COOH 


CH,— S— S— CH, 

( 1 h— NH, ( 1 h— NH, 

I I 

COOH COOH 


CH,-S— CH, 

r 

CH— NH, 
dooH 


Ao'V 


L( - )Methioninc (Met) 

(a-amino-y-methylthiol-butvric acid) 



: Aromatic and heterocyclic acids ^13-Sfl 

: l*-*V OW 


l( — )Tyrosine (oi-airino-^-p-hydroxyphcnyl-propionic add) (Tyr) 



l( — )Phenylaianine (ar-amincv/i-phenyl-propionic add) (Phc) 



L( - )Histidine (a-amino-P-iminazolyl-propionic add) (His) 
CH«=C — CH, — CH — COOH 

I I I 

N NH NH, 

CH 


L( - )Tryptophan (a-amino-0-indole-propionic add) (Trp) 



CH,— CH— COOH 

I 

NH, 


U. — )Hydroxyproline (Hyp) 


HO— CH— CH, 

i I 

CH, CH— COOH 

\ / 


NH 


l( - )Proline (a-pyirolidine-carboxylic acid) (Pro) 


CH, — CH, 

(Jh, <!h— COOH 

\ / 



JLM jjJl i yLiJl 
Genetic Code 


Ij-juj . (mRNA) — >1 j ol-ljj jlS " jJ 5 j-a-iil j>*j 

j—qjoij . (3') LjLjjJl ®L^?1 j (S') *— us^i^ {j* 

9 ^ J .-UiJl JU-AP (CT) aLJL- ij\-fl ^ (UAA), (UAG), and (UGA) 

.Jj'i/i L«J\i (Met) Oy 0^ liU? JjJLC- Si .-l,..- Sjl-A-J S^L*^ 


J-iP j/* 1 £-> u ! 

(5’) v^-" 





JiP siJ'jJl 

(3’)^ 



■B Hi 

C 

mmm 

G 




Ser 


Cys 

U 



Ser 


Cys 

c 

U 

Leu 

Ser 

1 

C.T. 

A 


Leu 

Ser 

Bl 

Trp 

G 


Leu 

Pro 


Arg 

U 


Leu 

Pro 

Wmm 

Arg 

C 

C 

Leu 

Pro 

Gin 

Arg 

A 


Leu 

Pro 

Gin 

Arg 

G 


lie 

Thr 

Ans 

Ser 

U 

A 

lie 

Th i 

Ans 

Ser 

c 


lie 

Thr 

Lys 

Arg 

A 


Met 

Thr 

Lys 

Arg 

G 


Val 

Ala 

Asp 

Gly 

U 

G 

Val 

Ala 

Asp 

Gly 

c 


Val 

Ala 

Glu 

Gly 

A 


Val 

Ala 

Glu 

Gly 

G 










ji 1 Oljjyi A^qaSH cJi Ol-LJ j-1^ ^Jl 

(RNA) J' j (DNA) JI J-* — sj ^\ j (Nucleic acids ) 3* j>Jl ^b^J' 0 
•*ap15 jlj jJS' ^J l (Nucleotides} oI<l J> 

(pentose sugar) y (pyrimidine) jf (purine) jijjr: (base) 

• Ji jJi (esterified) <j j'-J ^ Jl 

Base Sugar Phosphate 

‘ P entosc sugar ^bJ-i >LJI 

jf (Ribose) (RNA) J (/^l c ^J-l cJoj^Tj 

(2-deoxyribose) JLp ^ (DNA) JI </ j JI 



OH OH 


ribose 



i > 


OH H 


deoxyribose 


: Pyrimidine bases .Ji y 
0_JJ i/iilj Pyrimidine Jb ^ y y yxs^ JI j^ly JT y-.-' 

• {J)?*' Cj¥ ^ 4 «.*i JL»« 4 j3jL^~ 



lo* 



(Uracil) (Thymine) (Cytosine) jO*Jj 


NH 2 

O 

ii 

i/Nh 

/ C \ 

HN CH 

I II 

1 II 

°" C - N ' CH 


H 

H 

cytosine 

uracil 

-ji ~j\ 

^'-^4 j (Aloxan) 

4 J jJu l i?l 1 

J ^*>L_P J Ljc — o tffiJl 


O 

II 

/ C \ 

HN C-CH, 


o" C - N - CH 

H 

thymine 

5-methvl-uracil 


Ql «.»$*' £j«Jl -JLa**^ \~*S~ 

(Thiouracil) J-— -1 i j * 


. (hyperthyroidism) 


O 

ii 

/'C \ 

HN OO 


°=C c=o 

H 

alloxan 


HN 

I 

S=C 


s 

II 

■ C. 


S N" 

H 


S CH 

in 


thiouracil 


: Purine bases 

t/lii (Purine) — -W tfjJ y 0-^ OOyr 1 ' 

1^4 Ob^-ai* (imidazole) Jjjlojd iiL-j (Pyrimidine ring) j* Oj& 


H 


|° ®|| ®CH 

N H 


purine 



jijjsJ ' (Guanine) Oy' (Adinine) Ori-^' jy*ij 


nh 2 

N^S^V 

I 1 > 

H< VS/ 

H 

adenine 


o 

II 

N 

HN^ >C 


i 

\ 


■ H / 

h 2 n.c c / 

^sK S N' 

H 


CH 


guanine 


(Xanthine)O^'^b (Hyoxanthine)j^'— Z tS o-b JJt A\ ja j 

. (Uric acid) ^JLi _>Jl 


9 

X N 

hn" V \ 


H S / c \ / 

n N n 


hypoxan thine 


CH 


O 

II 

£ N 

HN d' \ 

i i > 

H H 

xanthine 


9 H 

C N 
HN^ N C / \ 

I M >> 


n -,c x / 

° N N 

H H 

uric acid 


c=o 


• (Nucleosides) 

aJLp\_» QjI.K.j jAf ^ill 

(Ribonucleoside) 0_^> £>■ ^Uajl jlp !Aui . 

. (Adinosine) i 




(Ribonucleocides) J\ Aj Q/li.1 > I — ^ ■ 1 ^ * 

^ j jj - u ^ ( Deoxynbose) jj-tdj S'jjj-d' o - * 4-1 

: JUii j j-U-1 Joj\ . (Deoxyribonucleocides) oIjl- jJS' jjj^j 


Base 

Ribonucleotide 

Deoxynbonucleoside 

Cytosine 

Cytidine 

Deoxycytidine 

Uracil 

Uridine 

— 

Thymine 

— 

Thymidine 

Adenine 

Adenosine 

Deoxyadenosine 

Guanine 

Guanos me 

Deoxyguanosine 

Hypoxan thine 

Inosine 

— 


a-Ltf-L-di’i Lp 0^1 J-5^* ^ jLp 0_^ Ojlji 

i ,jj 1 , 2 ', 3 ' ... etc. v "Li j^[L p-sijv 

tj 1 *dJ 1 j»— > J 0^— a j3 £— * jji-CX (j ^ {*— * J -* •^ a —i 1 j* 

0j-> ® ji £-* <j-i J ^ (*— * J Ol^jj^' ® Oy -i»tJ j^|l ol-A-— j-j 

. r pij 


V\Y 



: Nucleotides 

. jX> jjq .* +■£ -L— - jK j-Ji J' j-i(estrified)»>— JiJ yJi" ydl 0y£o 

-t— y*> j ^X) j j *- i —yd' £•* (guanosine)^ yy'y^r' > — 

j( (Guanosine monophosphate) *x->U~. yii' i/->W ^ jyi'y*- ^w - j (ribonucleotide) 
£-* (Adinosine monophosphate ) (AMP) xj yds" ydl j y^o ii yd' (GMP) dl 

Adinine — Ribose — Phosphate dl 




adenosine 3 -mono- 
phosphate 



adenosine 5 -mono- cyciic 3 :5 adenosine 

phosphate monophosphate 


(*-*-> °y-' w (OH) J-— SjjX : \ 


*JI>; liU* *. 


«-*— ■ 0~L£> /j-*a ^-1 ^ n w : 1 A^* Aj jLl 2 , J ,3 

^ Uy~i La^SI. 4-^i 0' V | Ia*.* >- ' -i \ ..1 ^ ^ - - i ' 0<-*_A ^ 0^/^“ 


Vf «-*jyd.' ijj — ait Ji 5JL>^1; 3' phosphate . 5' phosphate yy-^i' 

j 5— *\jt- a-^a! o>b (cyclic 3' : 5' cyclic adenosine monophosphate ) (cAMP) 

■ L ■ i ^ — i"? * j 



Iris*- (5’ - triphosphate) *V ^Jl_. (5‘ - diphosphate) -V (j 
— (Guanosine 5' -diphosphate ) (GDP) J> jj^k oi — «— _yi)l ^y* 

(Guanosine 5' -monophosphate) (GMP) -j' <y (Guanosine 5' -triphosphate ) (GTP) 
Adenosine 5 diphosphate (ATP) j Adenosine 5' -diphosphate (ADP) j 



HO OH HO OH 


adenosine 5’-diphosphate (ADP) 



NH 2 

I 



TU 


HO OH 

adenosine 5 '-triphosphate (ATP) 


HO OH 



H 


H 

^ C ^r_r^° 


c o 

He' — Cif HCT ^C-C’ ltJ 

|| | ^OH || i v NH 2 

HC .CH 
Nr 


H<5. -CH 
Nr 


nicotinic acid nicotinamide 

(nicotinamide - adinine dinucleotid ) (NAD) -VW 

Oiyi (diphosphopyridine nucleotide)(DPN) -S> p— A ILL- d t/HU 
^lpLS -j y^>z j-*j. -VS-LT c->l-LJ jiS~ jJ Jl_?-I (Coenzim I) I 
- -la-j y (AMP) yy j S/ I y Oy*y Li y . jl>LJ\^J LJldlj 

jl> jJS" y -Si Lj S' bL^Li , Js- y~*~ *Lj ! — ol L— 



y (nicotinamide-adinine dinucleotid phosphate) ,*-A — -V S-' 


0 P 


i , LJtlU oU^. ji 


IP *J\ J^\ j (NAD) -J' Jj- (NADP) -V. 


ILL- (NADP) J> jiSa; JlT olij . aLl jj^J^ j>—^ (2' ) 

t m * 

. (Coe nzyme II) j If yy') [ yy J (triphosphopyridine nucleotid) (TPN) — -1 
yLL -l_j yS jlx-jj (Flavin nucleotides) y-^j 

y- 5__Ty j Jl. hii <l-Uu (Flavin-adinine dinucleotide) (FAD) j—p 
. x-LJ^jxJt ^y* Nj u (dimethvlisoalloxazine) -S’ s ^ LI y-\ j (NAD) 


1 1 * 
jU 



*VV\ 














H 


H 

^ C ^r_r^° 


c o 

He' — Cif HCT ^C-C’ ltJ 

|| | ^OH || i v NH 2 

HC .CH 
Nr 


H<5. -CH 
Nr 


nicotinic acid nicotinamide 

(nicotinamide - adinine dinucleotid ) (NAD) -VW 

Oiyi (diphosphopyridine nucleotide)(DPN) -S> p— A ILL- d t/HU 
^lpLS -j y^>z j-*j. -VS-LT c->l-LJ jiS~ jJ Jl_?-I (Coenzim I) I 
- -la-j y (AMP) yy j S/ I y Oy*y Li y . jl>LJ\^J LJldlj 

jl> jJS" y -Si Lj S' bL^Li , Js- y~*~ *Lj ! — ol L— 



y (nicotinamide-adinine dinucleotid phosphate) ,*-A — -V S-' 


0 P 


i , LJtlU oU^. ji 


IP *J\ J^\ j (NAD) -J' Jj- (NADP) -V. 


ILL- (NADP) J> jiSa; JlT olij . aLl jj^J^ j>—^ (2' ) 

t m * 

. (Coe nzyme II) j If yy') [ yy J (triphosphopyridine nucleotid) (TPN) — -1 
yLL -l_j yS jlx-jj (Flavin nucleotides) y-^j 

y- 5__Ty j Jl. hii <l-Uu (Flavin-adinine dinucleotide) (FAD) j—p 
. x-LJ^jxJt ^y* Nj u (dimethvlisoalloxazine) -S’ s ^ LI y-\ j (NAD) 


1 1 * 
jU 
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J j-z~i (dimethylisoalloxazine) ^ (Flavin) OjiSiJl jUayj 

(phosphate ester) oU— ^ — l ^ • jj-^ y' A-*" J y*j (ribitol) 

. (Flavin mononucleotide) (FMN) -i 
i) ^ y»j Lipmann ) (Coenzyme A) jf (A) ^ ^ y V^j 

lc- j JS" j+t 4 J (3*^* 

— -k 2-mercaptoethyIamine 3 s— ^ ./•* £• -^h y Oy^* 

. (HS - CH 2 CHi - NHa) *-S Jj (thioethanolamine) Ji 



: Uridine cocnzymes ^ } 

cA/* of Ni '--’AA' {/'j J5" 

jf (uridine diphosphate glucose) -11 L§-*jA . (uracil) J--1 ^ 

-J' jf (uridine pyrophosphoglucose) J' p — L-aJ j_*j (UDPGlucose) J' 
jAA*" cU ^->1 00 * (UPPGlocose) 

















OIa— i* 


Nawu and Clan 


Entymcs Containing Co- 
wntymot 1 and/or II 


2. Malic deh.vdrojtenaae. 


4. Lift ie de hydro gen* 

A. tf- Hydroxy butyric de- 
hydrogenase 

6. Gluroaedchydrogenaat 

7. 1 to I neon eater dehy- 
drogenase 

5. Glycerophosphate de- 
h vdrogenase 

0, Aldehyde dehydrogen- 
ase 


Enrymrt Which Reduce 
Cytochrome 


Ydloir Enzyme* 
l. Warburg* old yellow 
enzyme 


2. Diapboraafi 

3. Ilea* enzyme 

4. Xanthine oxidase . 


5. x>- Amino acid oxidase . . 

6. if A mine arid oxidases 

7. TPN-Cytocbrome C re- 
ductase 

8. DFN-Cj’torhrome C re- 
ductase 

1 . 1'utnaraac 

2. Aconitine 

3. Enolaae 


Mutant* 

1. Giyoialaac. . . 


IkiimolinM 

1. Zymohexaae (aldolase) 


2. Carboxylase 

3. d-Krto car bo* Vianet. . 

4. Amino arid deearbox* 
y) ft act 

5. Carbonic anhydraac. . 


Other entymrt 
1. i‘h oiphorylaac 


2. Phoephohexoisomcrase 

3. Heioktnase 


4. Phoepbnglucomutaee . 


Distribution 

■Substrate 

End-products 

Animal and plant tie* 
Rites 

Animal and plant tis- 
sues 

Animal and plant its- 
aura 

Animal tissues and 

Ethyl alcohol and other 
alcohola 

L< — ) Malic acid 

L-lsoeitrie acid 

Acetaldehyde and other 
aldehydes 

Oxniacetic acid 

Oxalosuecinic acid 

yeaat 

Lirer, kidneys, and 
heart 

L-d- Hydroxy butyric 
acid 

Acetoacetic acid 

Erythrocytes and veast 

Robison ester (hexosc- 
6-phuaphatcl 

Phuaphohexonic acid 

Phoaphoglyccrio acid 

Acida 





Plant*. animals, and 

Succinic acid 

Fumaric acid 

mirrobrganisrns 



Yrast 

Reduced roenzytne 11 

Oxidised cocnr.ytne 1] 
and reduced yellow 
enrv rne 

Bacteria, veuU, higher 

Reduced oocmymf I 

Oxidized eomzyme I 

pi a d Ls, and animals 

and reduced diapho- 
rnse 


Reduced cornzyme II 

Oxidixed corn ry me II 
and reduced yellow 
enrv me 


Animal tissues 

llvpoxanthine. xan- 

Xanthine, uric acid, 


thifir, aldrh\ rie*. re- 

acids, oxidized coen- 


duced c<»enzyire I. 

lynif* I, etc. In pres- 


etc. 

enrr of air. HiOi. 

Animal tissues 

ivAmino acids 4- O* 

a- Keto- acids 4- Nil* -4 



HjO: 

Animals, snake venom . 

if Amino acids 

Keto aeids and am- 
monia 

Yeast. liver. 

Reduced ffimvinr II 

Oxidued rornrvme 11 


and cytochrome C 

and rrdurcd ryto 
chrome C 

Liver, yeast 

Rrdurcd rorntvmr 1 

Oxidrscd cocnxyxne I 

and cytochrome O 

and rrdurcd ryto. 

chrome C 

Living organism* in 

Fumarir arid 4-HfG 

L-Maltc acid 

general 


ns- A eon i tie arid and 

Animals and plants . i 

Citric acid 


L-isnntric arid 

Animal tissues and 

2-Phoftphoglyceric acid 

rhnaphiipvruvie arid 

ye ant 

+ n,o 

Living organisms in 

Methv! glvoxal and 

p( — )Lactic acid 

general 

other substituted giy- 
oxals 


All ceils. 

F rue tone- 1 ,6-dipbt»- 

Dihydroxyaretone 


phate 

phosphoric arid and 
phosphogivrrrir and 

riant tissues 

Pvruvie arid 

Acetaldehyde and COr 

Animals, bacteria. 

fi- Keto acids 

it- Keto acid* 

plants 


Amines and COi 

Plants, animals, bar- 

L- Amino aeida 

Erythrocytes 

Carbonic »rid 

CO. + HtO 

Animal and plant tis- 

Starch or glvcogcn and 

Glucose- 1- phosphate 

sues 

phosphate 

Glucose -6- phosphate 

J rurlosr-fi-phosphfltf 

Animal and plant Us- 

stirs 


A denoainedi phosphate 

Yeast, animal tissues 

Adennsinetriphosphsle 


+ glucose 

4- gl ueose-G- phos- 
phate 

PlaDt* and animala. . . . 

Gl arose* 1-phosphate 

Glucose-6* phosphate 


33A 



Same and Cla tf 

D\*tr\but\on 

| Subutrote 

End- product* 

Hydrolase* 

Carbohydrate* 






Maltose and dextrin* 


etc. 




mucosa 

Intestinal juice, yeast, 
etc. 

Intestinal juice, yeast, 
etc. 















Nucleic acid and de- 
rivatives 






line! juice, etc. 
Intestinal juice, and 
other tissue* 

Animal tissues. . . . , 





plmric arid 



bases 



Ammo compound* and 
amide* 





2. t’rrnse 

bacteria, soy 1 ►can. jack 
l>mn t etc. 

Urea 

(‘urbnii dioxide stxi 

ammonia 


Animal tissues 

Glutamic ncid and oxal- 
acetic acid. etc. 

moma 


partic arid. etc. 



Purine bases and dcriv- 
Ati irs 




II v|>o xanthine and am- 
monia 

Xanthine and nmtiionm 


Animal tissues. . , ... 






Peptides 


I. A inino|iniv|H*|>ti<in*r. . 

Yeast, inteslinr*. etc. 

Simpler peptides and 
mnino acids 

2. Cdfln>xV!>r|>tirJfi<c. . . . 

3. 



Plant and animal tin- , 
sues and bacteria 1 

j Di peptides 

ammo acids 

Ammo acids 

Prrdine and ■iniider 
peptides 


yeast j 

; 



1 Proteins 




Proteoses, peptones, 
etc. 

Polypeptides and amino 

acid** 

Proteose* and peptonps 
Paracasein 

Polyt keptidm and amino 
acids 

Pnlvin<ptidrs and amino 
acids 

2. Try | min, . . . . j 

.1, Cathcpsin 

Pancreatic juice. 

[ Animal tissues .... . 

Proteins, proteoses, and 
! peptones 

1 Proteins ... ..... 


Pancreatic juice 

Papaya. other plants 

Proteins, proteoses, and 
peptones 

Pro'eins. proteose*, ami 
peptones 

fl. Papain. 

‘ 

«E J . • ' | 




1 


a i _ L i j . , 

t . Lipase . , 

Pancreas, castor l»can. | 
Ct r. ; 

Liver, etc. 

J*'i»ts 

Glycerol and fatty acids 

2- Kstcrnacs. . 

Elhyl butyrate, etc. 
Esters of phosphoric 
nc id 

Eaters of sulfuric arid 

Acetylcholine. 

Alcohols and acids 
Phosphate and alcohol 

Sulfuric arid and al- 
cohol 

Choline and arctic acid 

4. Suifntnsca 

XlTCS I 

Animal and plant tis- 
sues 

Lined, tissues 


iron Enzyme* 


Hydrogen peroxide. . . 

Reduced cytochrome C 
in the presence of oxy- 
gen 

A large number of 
phenols, aromatic 
niiunes. etc., in the 
presence of !l»Ot 

Water and oxygen 

Oxidized cytochrome C 
and water 

Oxidation product of 
substrate and water 

2, Cytochrome oxidase. . . 

3. Peroxidase 

eet’t a few series of 
iiiirruoriraiuaiiu 

AH living organisms ex- 
cept a few species of 
microorganisms 

Nearly ait plant cells 

Copper Entyme* 

J. Tyriwinn^ (polyplic* 
n<doxtd;i»r. mottophe- 
nolo* tiliise | 

2. Ascorbic and oxidase. . 

i 

Plant and animal limucaj 
Plant tiaauaa j 

Variona phenolic com- 
pound* 

Ascorbic acid in the 
presence of oxygen 

Oxidation product of 
substrate 

Dehydroaatorhic acid 



j^aJ ^Jl CJ\S ^o.U ^^sxic Jj 


Vila min 

Principal Vitamers 

Common Same 

Principal Synonyms 

Saiural 

Synthetic 

Vitamin A 

Axerophthol 
Antinphlhalmic fac- 
tor 

Vitamin Aj 

a-, (}-, nml >-Carotcnc 
Cryptoxanthine 
Vitamin A estera 
Vitamin At 
Nro-vitamin A 

Vitamin A acid 
Vitamin A ketone 
Vitamin A esters 

Thinminr 

Vitamin Bt 

Ancurin 

Antineuritic factor 
Anfiberiheri factor 

Thintnine pyrophos- 
piiatc (cocarbcxy)- 
nse) 

Tliiaminc orthophos- 
phate 

Vilnmin lb disulfide 
Analog with methyl 
group in position G 
instead of 2 in py- 
rimidine ring 

Riboflavin 

Vitamin B» 

Vitamin G 

Laeto-, ovo-. vcrdo-, 
or hrpatofl&vin 

Riboflavin mononu- 
cleotide 

Riboflavin dinucleo- 
tide 

i 

| 

/ 

7-MeihyI-9-(»-! '- 
ribityl)-iaoalioxa- 
rine 

G- Methyl-9- (i-l- 
riiiityl l-iiumlloxn- 
zine 

G-Kt hy)-7-inethvl-9- 
(n-1 '-rihitvl i-ifioril- 
loxazinr 

Niacin ! 

Nicotinic acid 

P-P factor j 

AnUpcllngm factor j 
Am i-black-tongue ! 

fiic'or ! 

i 

Niacinamide 

Coenzyme I (DPN) i 
Coenzyme II (TPN) 

N •-methyinieot in- 
amide 

Coraminc 
listers of niacin 

Vitamin B* 

i’vridoxiiK* 1 

* i 

Pvridoxn! 


Anli-acrodynia fac- 
! tor 

Adermin 

1 Pyridoxaminr 
j Pyridoxai phosphate . 

Pnnlothenir 

acid 

! Chick nntidermnti- 
| tia factor 
| Filtrate factor 

i list ers 

t 

Biotin 

j 

: Vitamin 11 

1 Skin factor j 

; Anti-egg-white in- 
jury factor 
i Bios II 

1 Jetliiolnolin 1 

1 

l 

| • 

; j 

\ 

Sulfoxide of luotin 
Listers 

1 )r( bioliiol in 

Pteroylghitamic 

arid 

i 

1 Folic acid 

1 

j Anti-anemia fnetor 
| Vitamin U t 

I 

t 

Fermentation 1,. r.asoi | 
faetor j 

, Liver L. eoaei factor j 

1 

Ptrroir acid 
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Vitamin 

Principal Vitamer* 

Common Marne 

Principal Synonyms 

Natural 

Synthetic 

/7-Aininohcii7.oic 

acid 

Chroinotrichia fac- 
tor 

Vitamin 13, 
Anti-gray-hair 
factor 



Vitmnin B M 

Cohalamtn 

Cy anoeobalani in 

Vitamin llu, 

( ” Bind " 
Hvdroxoeobalaniin 


Choline 

Sinkalin 

Bilineurine 

Fagin 

Amanitin 

Methionine 4 - eth- 
anolamine 

Betaine ■+■ ethanol- 
amine 

Annlog rontaining 
phosphorus instead 
of nitrogen 
Arsenocholine 
Methyl-diethyl hoin- 
olog 

Triethyl hotnologs 

Inositol 

I3i»x I 

MiMiSPanti-ahijXM'iii 

factor 

Hal antispecLarlcd 
eye factor 

j 

Phytin 

Soybean ccplmlin 

Methyl inositol 

Inositol hexa-acetale 

| 

Ascorbic acid 

Vitamin C 
Antiscorbutic vita- i 

min j 

1 

Dehydroasoorbic acid 

(i-Deoxy ascorbic acid 
Isonscorhie acid 
l/-Fticonac,orbic acid 

Vitamin D 

Antirachitic vita- 
min 

| Vitamin D t (Calci- 
ferol) 

Vitamin D» 

Viostcrol (irratliated 
ergosteml) 

Irradinted 7-dchydro- 
cholcsterol 

1 Irradiated 22-dihvdro- 
ergostcrol (D,) 
Irradiated 7-drhydro- 
sitosterol (Dd 

o-Tocoplicml 

Vitamin E 
Antistcrility vita- 
min 

Fertility vitamin 

0- anti y-Toeophcrols 
Esters 

Esters 

Analogs with ethyl 
substituents in 
place of methyl 
Analog with N 1 1 1 in 
place of OH 

Vitamin K 

Vitamin Ki 
Phylloquinone 
Antihemorrhagic vi- 
tamin 

Coagulation vita- 
min 

Vitamin Kt 

Menadione 

Menadione sodium bi- 
sulfite 

Esters of the hydro- 
quinonc forma 


1V\ 
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